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CHAPTER  I 


ctTRccu/cnca 


l.i  OBJECTIVE 


The  objective  of  thia  research  program  la  to  obtaia  background 
informs  loo  for  tba  development  of  aa  automatic,  continuously  operat¬ 
ing  elec  tromgnetlc  aurvaillanoa  tyitt*  capable  of  detecting  pulaaa 
ftroa  atom!  a  vaapooa  detonated  la  certain  euapeot  areae.  A  aucceaa- 
lul  alec  tromgnetlc  detection  eye  tea  would  have  the  advantage  of 

**fU#*t  «d  the  Kit  accurate  detooatloo  time,  me 
tfu*  detooatloo  tine  1*  of  Increaeed  importance  at  time  vhea  the 
ataoapher#  1,  already  contaminated  froa  a  pravioue  exploeion.  it  la 
thought  that  a  tucaeaeful  dateotioa  ayatea  can  be  developed  uaing 
two  or  more  atatlona  located  In  low  nolle  area*  and  utlUain*  tie* 
coincide  no*  recognition*  Succeaafttl  operation  would  depend  upon 
Billisecond  Main#  accuracy  and  aa  lntl oat e  toowledga  of.  lonoepherla 
propagation  condition*  along  tba  tranaalsaloa  path*  Involved* 

“nta  Defana*  Research  Laboratory  of  tha  University  of  Tax*#  la 
concerned  with  tha  problem  of  engineering  the  detection  syitem 

Proy*5**lDa‘  L»*»rat«vy  1»  primarily-  ootwera- 
*??*  °ith*  «#m4r*t«4  •1«“1  w*  it*  oodl/ioatloo  le 
fora  and  lntenelty  after  propagation  by  the  icuotphare* 
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Tbs  Csntrel  Radio  Propagation  Laboratory  conducted  radlo-fre- 
qumoy  detection  test*  during  Operation  TUMBLER- SSAPPER  using.-, 
narrowband  equipment  at  distant  sites;  Thaserpulaee  were  received  . 
following  the  tin*  of  fcha  detonation  by  approximately  th*  tin*  required 
far  propagation.  Ifo  strong  secondary  pula**  war*  received  *xa apt  such 
as  may  b*  attributed  to  different  mod**  of  propagation.  However,  little 
Information  regarding  th*  characteristics  of  the  original  pulsea  could 
ba  determined  fro*  the  results  of  these  measurements.  Th#  first'  success¬ 
ful  broadband  measurements  were  mad*  during  Operation-  IVT  at  distance#  of 
4000  and  8000  la.  In  order  to  record  the  original  pulse  shapes,  it  was 
suggested  that  future  broadband  measurements  be  conducted  near  enough 
to  ground  zero  to  avoid  pule*  distortion  due  to  ionoepberlc  propagation. 


CHAPTER  II 

IimWMtHTATIoa  AMD  OPfflATIHO  PROCEDURE 
2.1  OOTUHB  Of  THE  CRPL  EXPERIMENTS 

Broadband  puleee  and  responses  fro*  narrow-bend  equipment  were  re¬ 
corded,  together  with  timing  mark*,  during  th*  UPBHOT-KHOTaCLl  teats 
at  tb*  following  locational  Nevada  Proving  Oroundj  Boulder,  Colorado, 
Ft.  Belroir#  near  Washington,  D.  c.,  and  Stanford,  California, 

2.1.1  Tests  Conducted  at  the  Nevada  Proving  Ground 

The  location  of  the  ifevada  recording  stations  va*  near 
enough  to  ground  zero  to  permit  recording  the  waveform-  before  the  ef¬ 
fects  of  propagation  had  appreciably  altered  its  shape,  hod  yet  far 
enough  away  so  that  the  radiation  component  of  th*  elSatrc*agnetl*> 
field  predominated  over  th*  induction  component.  A  .2i«#*t*r  vertical 
probe  antenna,  mounted  on  top  of  a  trailer,  fed  all  receiver*  through 
a  voltage  divider  and  a  cathode- follower  unit.  Equipment  having  * 
uniform  gain  over  th#  frequency  range  fro*  1  ka  to  2  He  or  higher 
(3  db  point  at  approximately  8  Me)  was  used  to  record  th#  waveforms. 

Tbs  oscilloscopes  were  modified  to  permit  self-triggering  from  either 
polarity  of  pulse. 

Narrow -hand  responses  from  receivers  having  a  3  Ed  band¬ 
width  at  half-voltag*  point*  and  tuned  to  2,3  Me,  10  Me,  and  13  Me, 
were  recorded  on  three  channels  of  a  four-bea*  oscilloscope.  Timing 
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mark*  were  recorded  on  the  fourth  channel  of  thi*  oeoiilotcopev  Thes* 
record*  provided  peek  field  strength  values,  at  the  above,  awntionsd  fre¬ 
quencies  and  bandwidth*,  a*  well  as  the  time  of  reception, of  the- electro¬ 
magnetic  pula*.  Detonation  time*  ware  sent  from  the  Nevada.  Proving 
Ground  to  the  distant  field  stations,  and  after  allowances  for  propaga¬ 
tion  delay,  positive  Identification  of  the  desired  pulse#  vae  possible. 


For  each  event  an  effort  was  made  to  record  the  broadband 
wave  fora  on  a  single  record,  and  also  to  record  the  rise  tliae  of  the 
initial  portion*  of  the  pule#  on  other  record*,  using  a  oor#  sensitive 
scale.  To  accomplish  this,  flv*  oscilloscopes  vers  used  with  different 
gain  settings  and  sweep  rates,  since  the  exact  relationships  between  the 
peak  field  strength,  pulse  length,  yield,  distance  fra*  ground  zero, 
tower  height,  etc,,  were  not  known.  Reliable  records  of  vavsforos  were 
obtained  for  all  events  excspt  No.  1,  In  which  oase  tb#  signal  exceeded 
the  dynamic  rang*  of  the  equipment.  As  experience  was  gained  In  pre¬ 
dicting  the  strength  of  the  signal,  other  record#  of  interest  were 
obtained  using  higher  gains,  faster  sweep  rates,  and  longer  delay  lines. 
By  these  means,  the  small  amplitude  detail  that  preceded  the  min 
negative  pulse  was  revealed. 


Additional  experiments  were  conducted  for  Shots  No.  1,  2, 
3,  and  4  to  gain  information  regarding  the  relative  strength  of  the 
horizontally  and  vertically  polarized  coaponents  of  the  ;*biOki 
field.  This  was  accomplished  by  recording  the  horizontally- polarised 
component  of  the  downswing  sky  wav#  after  looospherle  reflection. 
This  component  Is  related  in  amplitude  to  the  horizontally- polarized 
component  radiated  by  the  source. 


2.1.2  Teats  Conducted  at  Boulder.  Colorado)  Washington,  D,  Ct 
and  Stanford,  California 

At  Boulder  and  Washington  vertical  antennas  were  used  with 
csthode-follovsr  units  which  were  connected  by  coaxial  ceblea  to  tb# 
broadband  equipment  and  the  narrow-band  reoelvare.  The  bandwidth  of 
the  broadband  equipment  used  at  these  station*  was  sufficient  to  re¬ 
cord  the  waveform#  with  considerable  fidelity.  However,  at  Washington 
it  va#  necessary  to  us*  a  filter  to  reject  station  MSB  for  Shota  No. 

1  through  8. 


The  pulsa  outputs  of  th#  three  narrow-band  receivers,  which 
were  tuned  to  frequencies  of  1)  ke,  30  ke,  and  *  channel  near  th*  max¬ 
im*  usable  frequency  for  tb#  path,  were  recorded  on  three  channel# 
of  a  four-beaa  oscilloscope.  Th*  fourth  channel  was  used  to  reoord 
timing  marks.  The  detonation  times  determined  from  th#  Nevada 
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aeasurenents,  vlth  allowances  for  propagation  delay,  vera  used  to 
positively  identify  the  pulaea  recorded  at  the  distant  stations.  The 
use  of  thoie  tinea  vae  the  onLy  means  of  Identification  oa  oooaeione 
when  the  atoospherlo  noise  level  was  unusually  high,  when  the.  boafc 
“M  very  smell,  or  when  propagation  conditions  were  unfavorable. 

Equivalent  peak  field  strengths  at  frequencies  of  1J  and 
JO  kc  were  obtained  ffcow  the  narrow-band  measurements. 

The  broadband  waveform*  recorded  at  the  distant  stations 
were  used  to  obtain  the  frequency  distributions  of  the  energy  of  the 
pulses.  The  effeat  of  ionospheric  propagation  upon  the  pulses  can  be 
determined  by  comparing  the  frequency  functions  of  the  waveforms  re¬ 
corded  at  the  Nevada  sites  with  those  recorded  at  the  dlatant  field 
stations.  The  bandwidth  required  for  faithful  pulse  reproduction  de¬ 
crease#  with  increasing  distance,  since  the  effect  produced  by  the 
Ionosphere  is  similar  to  that  produced  by  a  low-pass  filter.  For  this 
reason  the  bandwidth  of  the  broadband  equipment  necessary  at  diatanoss 
of  20  km  extended  from  1  kc  to  2  Me,  while  the  bandwidth  of  the 
equipment  used  at  1000  and  3000  km  extended  from  about  1  to  80  kc. 

Measurements  at  very  low  frequencies  were  made  at 
Stanford  University  by  members  of  the  University  staff  under  a  sub¬ 
contract  with  the  Central  Radio  Propagation  Laboratory.  The  loop 
antenna  and  amplifier  system,  which  had  been  designed  and  used  pre¬ 
viously  for  the  reception  of  atooepherlos  at  low  levels,  were  used. 

Tbs  gain  of  the  system  waa  very  high,  and  the  bandwidth  exteoled 
from  about  500  cps  to  nearly  200  kc.  For  most  shots,  the  time  of 
occurrence,  the  waveform  of  the  signal,  and  the  peak  amplitude 
were  recorded,  the  latter  being  expressed  in  terms  of  antenna  voltage, 

2,2  DESCRIPTION  0T  TDttKO  METHOD  USED  AT  ALL  STATIONS 

The  same  instrumentation  for  obtaining  the  time  of  reception  of 
the  electromagnetic  pulsee  vae  used  at  ell  stations.  A  100  ko  secondary 
frequency  standard  vae  used,  together  with  frequency  dividers,  to  give 
25  ope  output.  The  25  ops  output  v*e  then  twice  divided  by  five  to  ob¬ 
tain  one  pulse  per  second.  A  mechanical  arrangement  was  used  to  permit 
the  59th  second  mark  to  be  omitted.  The  timer  was  operated  in  the  fol¬ 
lowing  maimer i  First  the  100  kc  secondary  frequency  standard  waa  ad¬ 
justed  so  that  one  of  the  harmonloe  was  as  nearly  as  possible  synchro- 
nixed  with  the  highest  frequency  signal  recordable  from  station  WW 
(or  WWH).  The  divider  unite  were  checked  to  be  sure  they  were  in 
synchronism  with  the  100  ko  secondary  frequency  standard  and  dividing 
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properly.  The  once-per-second  pula*  output  of  the  tiner  unit  va#  them, 
synchronized  with  the  seconds  tick*  received  from  station  WHY*,  Th*.i  • 
audio  output  of  a  receiver  tuned  to  station  WWY  Warn  connected;  ttt  thn*1 
vertical  deflection  platen  of  am  oscilloscope,  and,  th*  second*  pule**- 
frc»  the  timing  unit  vere  allowed  to  trigger  the  sweep  of  thia  oaclllo- 
acope.  A  phase-shifting  cirouit  In  on*  etage  of  the  frequency  divider 
van  then  adjusted  until  the  seconds  ticks  from-WW,  which  consist  of 
five  cynics  of  1000  ope,  vere  aeen  on  the  oscilloscope.  Th«  two  unite 
vere  in  synchronism  when  the  ntart  of  the  oncilloncope  aveep  coincided 
with  the  very  beginning  of  each  WV  seconds  tick,  figure  3.6k  la  a 
photograph  of  a  tine  comparison  between  seconds  narks  received  fro* 

HWV  and  the  timer  unit.  Note  that  the  timing  unit  pulit  in  thla  figure 
is  about  1.6  milllaeconde  later  than  the  beginning  of  the  secoodn  aerie 
received  fro*  WWV, 


DESCRIPTION  Of 


BSMks&ul 


USED  AT 


ray ada  proviso  ground 


The  equipment  uaed  in  Nevada  vaa  divided  aacag  three  altea  with 
only  two  aitee  in  operation  siiailtaaeously.  At  Site  7.1A  were  located 
the  broadband  equipment,  timing  equipment,  and  narrow-band  receivers, 

Ihe  other  two  cites,  7*13  and  7»1G»  were  uaed  only  for  broadband  mieeure- 
nents.  power  was  supplied  by  portable  diesel  generators  at  all  three 
sites,  figure  2.1  is  a  block  diagram  of  the  equipment  arrangement  as 
used  at  the  a* In  site. 

2.3.1  Antenna  Systems  and  Cathods-follower  Units 


Various  antennas  and  cathode -follower  arrangements  vers  tried 
during  the  first  three  shots  at  the  ittln  site.  Tor  Shot  NO,  1,  the 
field  strength  exceeded  the  dynamic  range  of  the  equipment,  for  Shot  No. 
2  a  7.19-aeter  vertical  antenna,  with  a  .38-meter  diameter  aluminium  disk 
on  top,  vaa  used  at  the  main  slta.  It  vaa  thought  that  this  disk  would 
Improve  the  low-frequency  response,  but  later  it  was  found  to  be  unneces¬ 
sary,  and  it  was  not  used  after  Shot  NO.  3,  A  sohemtio  diagram  of  the 
cathode -follower  unit  used  for  Shot  NO.  2  Is  shown  in  figur*  2.2. 

At  the  main  site  the  base  of  the  antenna  was  connected  direct¬ 
ly  to  the  cathode-follower  grid  for  Shot  No.  3.  For  Shot*  No.  k  through 
11  a  capacity  divider  wae  included  in  the  cathode  follower  to  decrease 
the  voltage  delivered  by  the  antenna  to  the  cathode -follower  unit.  The 
voltage  divider  consleted  of  am  additional  capacitor  0#  pu/d  connected 
to  ground  and  acting  with  the  antenna  baee  capacity  Of  10,7  ppfd,  Til* 
input  impedance  of  the  cathode-follower  unit  vaa  very  high*  so  that  over 
the  frequency  range  of  interest,  the  open  clrault  voltage  of  the  antenna 
was  impressed  upon  the  record lngamiipasnt. 
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At  Site*  7.13  and  7. 1C  the  antenna*  used  f or  shot*  Ifo.  J 
through  11  war*  Identical  to  that  used  at  Sit*  7.1A,  swept  that  their 
baeea  were  connected  directly  to  the  oscllloscop*  probe*.  The  probe*, 
which  had  an  Input  loped  ana*  of  10  megohms  (hunted  by  an  Input  capacity 
of  13  ppifd,  provided  a  voltage  attenuation  of  10»l.  To  obtain  aapli- 
tude  calibrations,  a  voltage  from  a  standard  signal  generator  vaa 
applied  to  the  input  of  the  cathode -follower  unit  through  a  capacitor 
representing  the  antenna. 

3.3*2  arrow-band  Measurement* 

Three  Kanmarlund  SP-600  receivers,  using  the  3  ko  band¬ 
width  position,  were  tuned  to  frequencies  of  2.5,  3  and  15  2to,  The 
signal  voltages  were  applied  to  the  recetvere  frosi  the  cathcxU-follover 
unit.  The  radio -frequency  gain  control*  were  set  by  estlnmte  and  no 
automatic  vo Ill's*  control  wa*  used.  The  outputs  ft?om  the  receiver* 
were  taken  from  the  intermediate  frequency  output  and  detected  using 
a  UJ3t  crystal,  a  10,000  ohm  resistor,  and  a  0.001  pfd  capaoltor. 

These  voltages  were  applied  to  the  horizontal  defleotion  plates  of  a 
four-beam  oaollloscop*.  The  fourth  channel  of  this  oscilloscope  was 
used  to  record  timing  narks  as  previously  described  (Fig.  3.33). 
Photographic  records  were  made  using  an  MBS  strip  filsi  camera  which 
moved  the  film  vertically  paat  the  face  of  the  oscilloscope  at  the 
rat*  of  17  Inches  per  second. 

2.3*3  Broadband  Measurement* 

At  the  main  alt*  five  Tektronix  type  513-D  oscilloscopes 
were  used  with  different  aeneltlvitie*  and  sweep  speed*.  They  were 
modified  to  trigger  either  from  positive  or  negative  signal*,  when 
external  triggering  was  u*ed,  th*  trigger  voltage  was  obtained  from 
a  separate  1.83-m*t*r  antenna,  which  permitted  the  earliest  aspect* 
of  the  pula#  to  be  recorded.  The  signal  voltage  was  normally  delayed 
0.25  fis**  with  respect  to  the  start  of  the  sweep.  The  sweep  delay 
time  was  increased  to  O.A  pseo  by  adding  an  external  delay  line. 

Amplitude  calibration#  were  accomplished  by  applying  a 
voltage,  through  a  dunsy  antenna,  to  the  Input  of  the  cathode  follower 
from  a  standard  signal  generator  and  measuring  the  corresponding  de¬ 
flections  produced  on  the  oeclllosoopes.  The  broadband  equipment  had 
linear  amplitude  response  up  to  t  cm  of  otcllloSaope  deflection. 
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mads  co  each  osolllotcop*  to  determine 
ti*  degree*  o<  tkevqees  that  exieted  between  th*  grid  line#  co  the  fao* 
or  th*  cat  hod*  ray  tub*  and  th*  directions,  horizontal  and  vortical, 
la  which  th*  spot  va*  4* floated.  Photographic  records  ver*  mad*  of 
vertical  skewness  for  each,  of  th*  eight  horizontal  esntioeter  imrk*  and 
horizontal  akevneae  over  th*  vertical  range  of  four  centimeters  foreach 
oeoilloecop*.  Thai*  values  of  skewness  were  taken  into  consideration 
when  aengwting  th*  frequency  function*  fro*  th*  v»v* forme. 

The  frequency  reapons*  for  e*ch  of  the  broadband  receivers 
used  at  the  main  site  vas  obtained  by  feeding  a  algnal  Into  th*  cathod* 
follower  and  measuring  th*  corresponding  deflection  produced  on  each  of 
the  oeoilloeoopee  at  different  frequencies  ranging  fro*  1  ko  to  30  He, 
The  reeulta  are  shewn  In  Figure  2.1»,  It  can  he  seen  fro*  this  figure 
that  la  all  case*  th*  respoo**  v*s  uniform  at  least  fTo*  1  ko  to  8  Mo 
and  slowly  dlnlni-ibed  at  hlgh*r  frequencies. 

Th#  transient  response  of  th*  broadband  equipment  vas  de¬ 
termined  by  feeding  •  square  v*v*  Into  the  broadband  systea  and  obserr- 
lng  the  rla*  time  on  the  osoilloeoope*.  Using  *  0.26-jisec  square-wav* 
input  to  th#  cathode  follower,  a  rise  tits#  of  0,02  peso  was  obtained. 
Photograph#  of  tbs  transient  response  of  th*  equipment  ar*  shown  in 
Figure  2.J.  So  ringing  or  overshoot  is  observed  at  any  puls*  length. 

Th#  ft# tot  ris#  tin#  observed  tor  th#  ol#otrOMgn#tlo  pulio  fro# 
detestations  was  of  the  order  of  0.2  or  0.3  pse*,  while  the  rise  tl*e 
for  the  equipment  wae  .02  itsea. 


Broadband  inflections  vara  converted  into  equivalent  valuta 
of  vertically-polarised  field  strength*  by  matching  th*  peak  dafleotiona 
with  a  sinusoidal  voltag#  from  th#  standard  signal  generator.  Th*  peak 
valu*  of  voltag*  required  to  match  th*  defleotioa  and  th*  antenna  ef¬ 
fective  height  in  maters  wer*  used  to  obtain  field  strength  la  unit*  of 
volts  par  taster. 

Th#  antenna  used  for  3bot  So.  1  hod  a  physical  length  of 
0.43  meter*.  Ite  effective  height  wae  determined  In  th*  following 
manner,  A  field -strength  meter  was  set  up  at  a  point  about  200  feet 
away  fro*  th#  main  site.  Th*  assumption  vas  msd*  that  th*  field 
strength  at  th*  main  alt*  and  at  th*  field  etrength  n*t#r  vas  th* 
asms  value.  Th*  measurements  demonstrated  that  th*  magnetic  vectors 
received  fro  distant  VLF  station*  ver*  of  th#  seat  magnitude  on  top 
of  th*  trailer  and  at  th*  point  200  feet  away.  On*  of  th*  narrow-band 
receiver*  vas  tuned  to  the  same  distant  station  as  th*  field-strength 
meter.  Radio-range  station*,  1189  and  IfFH  ver*  used  for  calibration. 
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Th»  rtMiwi  output  voltage  and  the  value  of field;  atfeitgtii dekeuredsji  v ' 
with  the  field- strength.  meter  were  noted,*.  The  antenna: under.  a:_ .  ; 

tion  vu  than  disconnected,  and  tha  signal  generator: wait. connected:  tdi*' .-. 
the  input  of  the  eathodo -follower,  unit  through^#  capebitttr/representn- - 
lna  the  antenna.  The  peek  value  of.  aignal-generatoia. voliege;  necessary, 
to  match  the  peak  receiver  deflection  was  noted,  Th*  ratio- of  peeks'-..' 
algnal- generator  voltage  thua  obtained  to  th*.  value  of  measured- peak*'. . 
field  strength  gave  a  value  of  effective  height  of.  0.1  ’^tera-  for. th* 
0.43-aetor  antenna,  ,  ,  . 

--••V:  It,.',  iff. 

Using  formulae  by  King  and  Blake.1,  accurate  .value#  of.  .. . 
input  dolf -resistance  and  self-reactance  of  a  'aytrarntrical,  antennai  .... 
baaed  on  fallen's  analysis,  were  calculated.  These  formula#  give 
a  much  better  approximation  than  those  derived,  assuming  *  sinu¬ 
soidal  distribution  of.  current.  For  the  0.43-nater  antenna  the  ef¬ 
fective  height  wee  calculated  to  be  0.12  meters.' 

The  values  of  effective  height  of  the  short  antennae  used,, 
at  the  Nevada  Proving  Ground  are  considerably  Las  a.  than  those,  obtained, 
using  one-half  of  the  physical -length  of  the  antennae*,.  These  differences 
arise  from  the  fact  that  the  antennae  employed  here  are  not  sufficiently 
short,  la  terms  of  their  capacitance  effect  to  ground,,  to  justify  the  - 
linear  current  distribution  vhiah  results  In  the  value  of  effective  , 
height  equal  to  one-half  the  phyaioal  length.  •- 


For  Shot  So.  2  a  .19-meter  vertical  antenna,  top-loaded 
with  a  .38-oeter  diameter  disk,  was  used.  The  top  loading  served  to 
increase  the  effective  height  over  that  of  a  plain  ,19-wtar  vertical 
antenna.  An  effective  height  of  0.10  mater#  was  calculated  for  this  , 
antenna,  assuming  a  linear  current  distribution  produced  b*  the  ton 
loading. 


For  Shota  No.  3  through  11  a  , 21-meter  antenna,  followed 
by  suitable  capacity  voltage  dividers,  was  used  to  record  tbo  waveforms . 
Due  to  the  low  pick-up  factor  of  this  short  antenna,  it  vaa  difficult  . 
to  measure  its  effsctlve  height  by  receiving  distant,  very  low  frequency 
stations.  However,  the  values  of  antenna  capacity  (3. 13  ^ufd)  and 
antenna  base  capacity  (8.23  Wifd)  were  determined  in  the  field  using 
the  substitution  nsthod.  Again,  using  formulas  by  King  and  Blake*  the 
antenna  capacity  was  caloulatsd  to  be  5,60  Mpfd,  compared  tO  the 
measured  value  of  3.13  upfd.  The  effective  height  was  calculated  to 
be  ,07  meters. 
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In  calculating  th#  values  of  field  strength  and:  energy://;., 
for  Shot  IKi.a  an  effective  height  value  of  O.l  oeters  wa*  used!?  for- 
Shot*  ho*  3  through  11,  u  effective  height  value  of  0.07  oatere*  • 
va«  used.  Thee*  value*  are  appropriate  lo  th*  very  low  frequency 
regiat  ant  at  thee*  short  range*  where  the  surface  wave  predominate*. 
At  higher frequencies,  about  1  Me  or  so,  where  the  direct  and  ground* 
reflected  coaqpcnents  predominate,  the  aotual  height  above  the  ground 
of  the  .21 -aster  antenna  cannot  be  neglected.  The  antenna  effective, 
height  va*  determined  at  frequencies  between  3  and  33  Me,  using  a 
target  transmitter  furnished  by  the  Sandla  Corporation.  The  remit* 
of  thee*  meesuremsnt*  suggest  a  value  of  effective  height  of  0.2k 
net  ere  and  Illustrate  the  dependence  of  antenna  gain  upcm  height 
at  these  frequencies. 

2.3*k  Vertical  Incidence  ionospheric  Measurements 


An  additional  experiment  was  arranged  in  an  atteept  to 
determine  whether  appreciable  horisontally-polarised  energy  was  radiated 
by  the  source.  A  loop  antenna,  having  eleven  turns  and  which  was  .78 
asters  in  diameter,  was  mounted  cm  •  tripod  so  that  it*  center  va* 
about  6  feet  above  th*  earth.  Th*  loop  was  placed  la  th#  vertical 
plan*  and  oriented  so  that  minimum  energy  would  be  received  directly 
from- tbs  source.  .  Th*  oscilloscope  sweep  time  was  long  to  permit 
receiving  any  possible  ionospheric  reflections.  It  was  reasoned  that 
a  signal  recorded  from  the  ionospheric  layers  must  have  bees  originally 
horizontally  polarised.  This  assumes  that  the  original  polarisation 
is  preserved  after  ionospheric  reflection,  on*  side  of  tbs  loop  an¬ 
tenna  was  grounded,  and  it  was  damped  with  a  resistance  to  prevent 
ringing.  A  Tektronix  type  121  preamplifier  was  used  at  the  terminals 
of  the  loop  antenna,  and  a  200-foot  length  of  coaxial  cable  connected 
th*  output  of  th*  preamplifier  to  th*  recording  oscilloscope  at  th* 
main  site. 


In  order  to  calibrate  th*  system,  a  low  Impede  no*  signal 
generator  was  inserted  In  series  with  th*  loop  antenna.  The  effective 
height  of  th*  antenna  was  calculated  by  using  the  expressions 2 
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where 


Z  m  resultant  voltage  acting  around  the  loop 
#  -  field  intensity  of  signal  at  the  loop  in  volts  per  meter 
N  -  nuafcer  of  turns  in  loop  m  11 
X  »  wavelength  of  signal  in  meters 
A  -  area  of  loop  in square  meters 

At  a  frequency  of  16  kc,  -  -  1.7  nmtera. 

9 

2.1*  DESCRIPTION  OT  INSTRUMENTATION  U8ZD  AT  BOULDER,  COLCBADO 

This  test  site  which  was  seven  miles  east  of  Boulder,  Colorado, 
had  a  low  noise  level.  Tfca  great-aircle  distance  between  the  Nevada 
test  site  and  the  Boulder  site  le  1005  km. 

for  the  broadband  waveform  measurements,  out  output  of  tba  eathoda- 
follover  unit  went  to  the  oscilloscope  through  a  banlpase  filter  de¬ 
signed  to  reduce  60  ope  piokup  and  interference  from  radio  range  aM 
local  broadcasting  stations.  The  oscilloscope  was  modified  to  permit 
self -triggering  with  either  polarity  of  incoming  signal.  The  broad¬ 
band  pulses  were  recorded  from  tbe  oscilloscope  using  a  55  mm  camera 
with  a  film  speed  of  10  inches. per  second. 

Other  outputs  of  the  cathode-follower  unit  went  to  the  narrow- 
band,  low-frequancy  receivers  having  bandwidtha  of  about  tea  cps, 

These  receivers  were  tuned  to  frequencies  of  15  and  JO  ka.  A  receiver 
with  e  bandwidth  of  5  ko  vea  tuned  to  a  channel  near  t)» 
uable  frequency  for  the  path.  The  pulses  from  the  three  receivers, 
together  with  timing  marks,  were  recorded  from  a  four-channel  oscillo¬ 
scope,  using  a  55  »  camera,  with  a  film  speed  of  17  inches  per  second. 
Trigger  gate  pulses  from  the  broadband  oscilloscope  were  «i*vd  with 
the  timing  nark*,  so  that  the  tinea  when  broadband  waveforms*  were 
recorded  could  be  determined.  A  four-channel  oeollloecop*  record  from 
Boulder  i#  shown  la  figure  5.73. 

In  calibrating  the  narrow-band  equipment,  the  output  of  a  Navy 
type  LP-5  signal  generator  was  fed  through  a  dua*y  an  term*  to  the 
input  of  tha  cathode-follower  unit.  The  roa  output  of  the  signal 
generator  necessary  to  match  tbs  peak  defleetlca  recorded  during  the 
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calibration  voltage*  vert  divided 'by  tht  appropriate*  vmlut* 
antenna  effective  height  to  cqnrert  to.  peak  valuta  of  vertically- 
polarised  electric  field. 

Slnoe  the  reciprocal  of  the  receiver  bandwidth  (2.3  msec)  la 
much  greater  than  the  duration  of  tht  received  Impulses  (about  0.J 
mate),  the  receiver  output  reapoose  la  practically  Independent  of 
the  shape  of  the  lqpulee  and  la  daterminad  by  lta  area.  JanakyJ 
confirmed  that  the  peak  output  voltage  la  proportional  to  bandwidth, 
for  bandwidth*  lea*  than  about  20  kc. 

After  the  teat  aeries  was  over,  it  vas  found  that  the  lj-kc  re¬ 
ceiver  used  at  Boulder  had  previously  been  modified  for  another  ap¬ 
plication.  The  Sana  modifications  vare  made  an  an  RHA  receiver  In 
the  Washington  laboratory,  and  the  bandwidth  was  found  to  be  6>30  ope. 
Without  the  modifications,  the  bandwidth  was  420  ops.  Because  the 
lj-ko  measure  moot  a  made  at  Bouldsr  ars  considered  to  be  unreliable, 
the  data  are  not  preaantad. 

Amplitude  calibration  of  the  broadband  equipment  vas  made  by 
connecting  the  standard  signal  g an* rat or  to  the  input  of  the 
cathode-follower  unit  and  obtaining  the  rme  output  necessary  to  pro¬ 
duce  one  centimeter  peak-to-peak  da  flection  on  the  oscilloscope,  mils 
sensitivity  calibration  vas  mads  at  only  one  frequency,  since  the 
equipment,  from  cathode  follower  to  the  output  of  the  oacil  lose  ope, 
has  a  flat  reaponae  over  the  bandwidth  used.  However,  due  to  the 
loading  effect  by  the  equipment  on  the  antenna,  at  the  lowest  fra- 
quancles,  the  response  of  the  Installation  vas  3  db  down  at  a  fre¬ 
quency  of  12  kc. 

Two  different  methods  vers  used  to  obtain  the  values  of  antenna 
effective  height,  and  the  rssults  of  these  tvo  methods  are  in  fair 
agreement.  It  Is  thought  that  nearby  overhead  power  line*  were  re¬ 
sponsible  for  the  inconsistent  results  obtained  in  measurements  of 
field  strengths  from  distant,  very  low  frequency  stations. 

The  antenna  at  Boulder  vas  31*7  feet  long,  the  bottom  end  of 
which  vas  S  feet  above  the  earth.  A  6-foot  horizontal  lead-in  wire, 
alto  6  feet  above  the  earth,  va#  connected  to  the  cathode-follower 
unit.  An  8-foot  wire  extended  from  the  cathode  follower  to  a  ground 
stake.  This  antenna  was  considered  to  be  40  feet  (12  meters)  long, 
with  its  baae  at  the  ground.  Using  formulas  by  Xing  and  Blake1  the 
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/'"effectiv*  height  of  th*  antenna  (for  the  open  airouit  one*)  vm 
calculated  to  fc*  3.7  otter*.  Unfortunately,  th*  *quip«*n*  Joaded 
the  antenna.  Hm  equivalent  circuit  of  th*  antenna  and  th*  input 
clrouit  to  th*  cathode  follow**  ar*  ihrnm  in  figure  2.7.  Th*  cir¬ 
cuit  value*  w»r*  obtained  fro*  radio- frequanoy  bridge  measurement*. 


Boulder,  Colorado 
Figure  2.7 


Cft  •  ant  anna  ampacity,  72  wifd 

CV  »  antenna'  baa*  capacity, 

15  Wfd 

C  ■  Input  capacity  to  cathode - 
follover  unit,  30  u^ifd 


input  reaietanc* 
follower  unit. 


to  eathode- 
780,000  oha* 


Th*  ratio*  of  op*n-olrcult  antenna  voltage*  to  voltage*  eupplied 
to  th*  input  of  th*  cathode -follower  unit,  V^/V^  ,  were  calculated  at 

a  eerie*  of  frequencie*.  Th*  value*  of  antenna  effective  height  realized 
at  frequencie*  between  3  and  30  ke  are  the  product  of  the  theoretical 
effective  height  of  3.7  meter*  and  th*  appropriate  values  of  V0/V1 
ae  shown  In  Table  2.1. 


TABU  2.1 


caRRacTEP  Errarnvg  anon  or  /orrem  at  bouldct 


v\ 

Bffectlv*  Height  (raetere) 

5 

0.2k 

3.7  x  0.24  -  0,88 

10 

0.40 

3.7  x  0.40  -  1.3 

15 

0.48 

3.7  x  0.48  -  1.8 

30 

0.57 

3.7  x  0.37  -  3.1 

Phiifo  •  u  13526 


H 

-  WM 

Vi1*!. 

31oo«  the  peak  In  energy  occurred  at  frequent  mum#?*  l&k6k*tbteM . 
corresponding  effective  height  of  1.8  meters  vae  used  In  calculating!' :  r 
the  valuer  of  energy  recorded  at  Boulder.  .  Although thl*‘ 1#  not:  axaob,  - 
it  le  a  good  approximation,  eince  the  effective  height  it  leee  than- ■ 
l.o  metere  at  frequencies  below  16  Jen  and  greater  than  1.8  aetere  at/ 
frequencies  above  15  kc. 


The  equivalent  valuee  of  field  strength  recorded  at  different 
frequenoiee  vere  calculated  by  dividing  the  peak-to-peak  voltage 
deflection^  obtained  on  the  oeoilloecope,  by  the  proper  valuee  of 
antenna  effective  height. 


2*5  DBSCTii-rxcaf  or  rtfSTRUMEMATioii  psed  at  tfAsHnrqroHi  p.  c. 

The  recording  aite  vae  located  at  the  CRPL  Field  Station  at 
Ft.  Belvoir,  Virginia,  tvelve  mile#  south  of  Washington,  D.  C.  Thia 
le  at  a  greats irole  dietance  of  3400  km  from  the  Nevada  Proving 
Ground. 


The  arrangement  of  the  recording  equipment  la  ahovn  in  the  block 
dlagraa  of  Figure  a. 8.  The  vertical  antenna  vae  21  feet  long,  with 
the  bottom  end  about  3  feet  above  the  earth.  It  vae  located  30  feet 
from  the  recording  building  and  connected  to  a  cathode-follower  unit 
directly  at  lte  baae.  Coaxial  cablee  were  run  from  the  eathode- 
follover  unit  to  the  equipment  in* id#  the  building. 


F°r  the  broadband  measurement*,  a  Tektronix  type  121  preamplifier, 
a  filter  unit,  and  a  Tektronix  ?13-D  oeoilloecope  were  ueed.  The  oeoil- 
loeoop*  vae  modified  to  trigger  on  either  polarity  of  Incoming  signal. 
Tn#  waveform*  were  recorded  from  the  oeailloecop*  using  %  33  m 
camera  and  a  film  speed  of  10  inches  per  second. 


0.  S.  Wavy  type  RBA  receivers,  having  a  bandwidth  between  3  db 
point#  or  about  420  ope,  were  ueed  to  reoord  pulse*  at  frequenoiee 
of  15  and  30  ka,  A  high-frequency  receiver,  with  a  baabrldth  of 
about  3  he,  va*  tuned  to  a  channel  near  the  maximum  usable  frequency 
for  the  path.  The  pulse#  froa  the  three  receiver*,  together  with 
timing  mark*,  were  recorded  from  a  four-channel  oscilloscope  using 
a  35  =m  strip  camera,  and  a  film  speed  of  17  inch##  per  second.  Trig- 
ger  pul «o  fro»  th#  Tektronix  o»oillo*oopt  vert  Mixed  vltk  thm 

timing  marks  eo  that  it  vae  possible  to  identify  the  exact  times  when 
broadband  pulses  were  recorded. 
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In  calibrating  the  narrow-band  equipment  th*  4*  geneTM 
output  vae  connected  to  th*  input  of  the  oathod*-foll<nf*r  unit  * 
located  at  the  base  of  the  antenna.  The  voltage  outputs  of  the 
ai«n*l  generator  required  to  natch  the  peak  deflection*  recorded 
during  the  detection  teati  were  used  with  appropriate  value  a  of 
antenna  effective  height  to  obtain  equivalent  values  of  vertically 
polarized  electric  field*  * 


The  filter  unit  which  wee  ueed  In  the  broadband  equipment  was 
designed  to  reduce  60  cps  pickup  and  to  provide  a  gradual  cutoff  at 
fraquenclAi  above  100  ko  so  a*  to  reduce  interference  fro*  broad* 
cast  stations.  For  Shots  Ifo*  1  through  8  it  vai  necessary  to  us# 
an  additional  filter  in  the  broadband  equipment  to  redact  station 
KS3  at  a  frequency  of  10  ko.  Thia  station,  which  is  located  at 
Annapolis,  Maryland,  only  JO  mile#  away,  produced  severe  inter¬ 
ference.  Since  the  peak  in  energy  occurred  at  fraquanoi&e  near' 

15  ko,  the  necessity  of  using  the  KS8  rejection  filter  vaa  most 
unfortunate.  An  arrangement  was  finally  mda  with  the  Havy  which 
resulted  in  ftSS  being  off  the  air  for  Shote  Ifo,  9,  10  and  11.  Thus, 
the  JfSS  rejection  filter  vae  not  used  for  these  event*. 

Two  method*  were  used  to  determine  the  effective  height  of  the 
antenna.  By  measurement,  the  effective  height  a);  a  frequency  of  lfi 
kc  wa*  found  to  be  2,9  meter*.  Using  formulas  by  King  and  Blake*, 
a  value  of  2.1  meters  was  calculated. 

The  equivalent  circuit  of  the  antenna  and  Input  circuit,  t*  the- 
cathode-follower  unit  1*  ahovn  In  Figure  2.9.  The  circuit  value* 
were  obtained  froa  radio-frequency  bridge  measurenent*, 

,ca 

C&  »  antenna  aapaoity,  6j  pqifd 

Oy.  “  antenna  base  capacity, 

5  imfd 

C„  -  Input  capacity  of  cathode - 
follower  unit,  30  iqifi 

H  ■  Input  resistance  to  cathode- 
follower  unit,  780,000  oha* 


Antenna  Equivalent  Circuit 
Washington,  D.  C. 

Figure  2.9 


Wnil* 
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Th*  ratios  of  open  circuit  antenna  voltage  to  voltage,  supplied 
to  the  input  of  tha  cathode-follower  unit,  Vq/Vj  ,  v«r*  calculated 

at  a  serloa  of  fraquatwlea,  The  value  of  antanna  effactlva  height 
uiad  in  this  report,  which  i*  the  product  of  the  antenna  affective 
height  for  the  unloaded  case  and  the  appropriate  value  of  vJl*  , 
la  1.4  matara.  v  1 


TABU  2.2 

CORRECTED  gFTECTm  UBICtfl?  Of  ARTETOIA  AT  FT.  BgLVOIit 


Vyl  Sffeotlve  Height  (aatars) 


3 

0.62 

0,62  X  2.1  -  1.3 

10 

0.66 

0.66  x  2.1  *  1,4 

15 

O.67 

0.67  x  2.1  *  1.4 

30 

O.67 

0.67  X  2.1  e  1.4 

100 

0,6a 

0,68  x  2,1  *  1.4 

The  above  raaulte  indicate  that  the  overall  response  of  the 
broadband  equipment,  including  the  antenna  but  without  the  MGS  filter, 
la  flat  within  1  db  from  J  kc  to  100  ko. 


36 


/Minority:  EO  13528 

Chief,  Records  &  Declass  Dlv  WH<? 

Date:  JAN  0  2.2013 


DECLASSIFIED  IN  FULL 
Authority:  EO  13526 


Chief,  Records  &  Declass  Dlv  WHS 

0al,:  JAN  0  2.2013 


DISCUS8I0*  Of  PHOTOffltAPgfl 


5  •  1  tiZfjj£rtAX» 


Th*  photograph*  recorded  at  th#  Nevada  Proving  Ground  art  not 
group*d  according  to  shot  sequence  in  thi*  report.  Photograph* 
of  eon*  of  th*  pulses  recorded  at  th*  Nevada  Proving  around  and  their 
corresponding  frequency  function*  hav*  been  arranged  on  adjacent 
page*  *o  that  they  may  be  viewed  at  th#  saw  tin*.  Additional,  re- 
aorda  fear  each  shot  are  pro* anted  on  th*  page*  following  the  presen- 
taticn  of  frequency  function*  obtained  at  th*  Nevada  Proving  around. 
Th*  frequency  funotione  w*r*  computed  by  Touri«r  analyeie  from  th* 
recorded  puleee  and  ar*  plotted  in  percent  of  amplitude  ae 

a  function  of  frequency. 


Th*  pul*e*  were  photographed  through  a  centimeter  grid,  but  all 
of  th*  photograph*  hav*  not  been  reproduced  to  original  eia*.  When 
scaling  value*  of  amplitude  and  tin*  from  the**  record*,  th*  grid 
line*  on  each  figure  should  b*  ccn»ld*r*d  a*  being  1  centiamter  apart. 


Th*  great-circle  propagation  distance  froa  the  flevada  Proving 
Ground  to  Boulder,  Colorado,  i#  1000  ka,  and  all  of  th*  record* 
recorded  at  Boulder  hav*  th*  caption  "1000  ka  from  ground  **ro". 

Th*  record*  mad*  at  Pt,  Belvoir,  Virginia,  near  Washington,  D.C.  ar* 
labeled  ^00  ka  frcm  ground  zero". 


Occasionally  it  will  be  noted  that  th*  leading  edge*  of  the 
pulse*  recorded  on  th#  four-ohaimel  record*  ar*  not  in  alignment. 

Thi*  condition  occurred  because  the  spot*  of  th*  four-beam  oscillo¬ 
scope#  were  purposely  staggered  to  prevent  overlapping  of  th*  narrow- 
band  responses  and  doe#  not  imply  any  lack  of  simultaneity  in  re¬ 
cording  the  different  aspect*  of  th*  phenomena. 

5*1.1  Discussion  of  Photograph*  from  the  Nevada  Proving  Ground 
Shot  Wo.  1 


In  preparation  for  this  test  th#  valu*  of  antenna  effective 
height  va#  estimated,  and  the  expected  valu#  of  field  strength  was 
calculated  using  th*  following  expression  which  was  suggested  by  medbera 
of  th#  Lo#  Alamo*  Scientific  Laboratory. 
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where 


5f  ■  boa*  yield  la  kilctona  -  16 

d  »  distance  la  alls*  *  9,1 

B  -  field  strength  (volta/aeter)  «•  50  r/m 

This  enpirical  relation  wee  determined  from  data  recorded  daring 
Operation  IVY  but  had  not  been  tested  for  bcefce  of  a  nailer  size* 
The  gala  of  the  recording  equipment  vu  adjusted  to  permit  record¬ 
ing  e  field  strength  of  50  v/m,  and  a  sweep  rata  of  2JO  paec/cm 
vaa  used.  As  seen  in  Figure  3.9,  the  data  la  of  limited  uaa  because 
the  dynamla  range  of  the  recording  equipment  vaa  exceeded,  and  tba 


sweep  rata  In  Figure  J.2J.  The'  latter  a  hove  the  rise  time'  of  tba 
f irat  negative  pulae.  Figure  3.25  la  a  recerd  of  aky-vav«  reflection* 
obtained  uelng  broadband  equipment  and  a  alow  sweep  rate*  The  firat 
antelope  ccrreapooda  to  the  energy  received  directly  from  the  eource* 
The  firat  sky-wave  reflection,  which  hae  a  relatively  mil  amplitude, 
occura  at  about  550  usee,  aorreepcndlng  to  a  virtual  height  of  re¬ 
flection  of  about  8j  km.  Thla  experiment  is  discussed  later  in  this 
report. 

shot  Bo.  3 

Figure  3.3  shows  tha  pulse  recorded  from  a  0.21-kllotom 
weapon,  detonated  on  top  of  a  300-foot  tower.  The  peak  solitude 
la  about  123  v/«.  The  corresponding  frequeooy  function,  Figure  J.J 
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■weep  rate  vma  too  slow. 

Shot  Wo.  2 


'DOE,  OSD 

Section  6.2  (e) 


Shot  IfO.  2,  ufaioh.vaa  a  2t-k Union  weapon,  warn  detonated 
ca  top  of  a  300-f  “ 


_ _  _ [The  same  pulae,  recorded  with  a  50 

psec/cm  sweep  rata,  la  sbcvdTa  Figure  3.2*,  and  with  a  1  u  sea /cm 
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Although  th#  energy  peaks  at  *  frequency  near  33  k a* 
the  p «k  is  not  newly  at  sharp  a*  that  for  Shot  tte,  a.  A  fast 
•wwp  presentation,  Figure  3.27,  reveals  the  rise  time  and  duration 
of  about  3,3  nsec  of  the  negative  pulae.  The  sane  pul**,  recorded 
at  a  dlstana#  of  43.6  toe  fro*  ground  zero,  le  shovn  la  Figure  3.29. 
Ifote  that  the  sane  pulse  shape  vae  recorded  at  this  dlstaaoe  at  at 
18.6  km  (71g.  3.3). 


Shot  Ko.  4 


Figure  3,6  shows  a  pulse  recorded  from  aa  11-kllotoa 
weapon,  detonated  at  a  height  of  6022  feet  above  the  earth,  Kota 
that  thl*  waveform  le  not  the  setae  as  those  recorded  from  bocks 
detonated  on  top  of  a  300-foot  tower.  Although  the  first  half  cycle 
1*  In  the  negative  direction,  thle  component  Is  of  ouch  shorter  tine 
duration  than  for  Shots  Ifo.  2  and  3.  The  peak  field  strength  of 
about  86  v/a  seems  to  be  low,  considering  the  yield  of  the  botab.  The 
frequency  function,  Figure  3.9,  indicates  an  energy  peak  at  a  fre¬ 
quency  near  28  ko.  A  record  made  with  the  gain  controls  set  In 
expectation  of  a  larger  field  strength  is  shown  in  Figure  3*301 
Figure  3*31>  which  wee  recorded  using  a  fast  sweep  rate,  details  the 
negative  portion  of  the  pula*.  Figure  3.32  Is  a  vertical  lnoldenc* 
measurement,  Indicating  that  the  original  horitontally-polarized  coa- 
ponent  van  reflected  from  an  Ionospheric  layer  height  of  about  83  k*. 
Figure  3,33  le  a  record  of  responses  to  the  pulse  by  narrow-band  re¬ 
ceivers  tuned  to  2,  3  and  13  Ho.  The  timing  darks  are  recorded  on 
the  hottest  trace.  Figure  3*54  1*  the  sane  pule*  recorded  In  th* 
presence  of  noise  at  Site  7* LB,  43.6  km  ft* on  th*  source.  The  arrow 
Indicates  the  waveform  which  is  thought  to  be  th#  desired  one,  be¬ 
cause  It  ha#  the  earns  shape  as  that  shovn  In  Figure  3.6.  The  posi¬ 
tive  peek  value  of  field  strength  In  Figure  3.34  1*  about  5 0  y/nj 
however,  that  of  Figure  3*6  le  about  86  v/e.  The  antennas  used  at 
the  two  sites  were  of  the  sane  length,  but  only  th#  antenna  at  th# 
oaln  site  waa  calibrated.  The  difference  in  field  strengths  nmy  be 
due  to  the  fact  that  the  two  antennae  were  at  different  heights  above 
the  earth. 


Shot  Ko.  3 

Figure  3.7  le  a  pulse  recorded  from  the  second  snail 
boob,  which  had  a  yield  of  about  0,22  kilotone,  and  was  detonated 
from  the  top  of  a  100-foot  tower.  An  automatic  camera  shutter  clos¬ 
ing  mechanism  produced  the  noise  pulses  which  are  seen  as  three  hori¬ 
zontal  lines  extending  across  th#  photograph.  The  first  half-cycle 
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i»  again  In  tha  negative  direction  and  has  a  duration.  of  -  about  7u*ec. 
Tb*  frequency  funotlon,  Figure  3.W#  corresponding  to  thla'*  waveform! 
ha*  a  peak  In  energy  at  a  ftrequanoy  near  33  Ice.-  Th*  sane  pul*#*  shOra 
fn  Figure  3.8#  «*•  recorded  at)  a  distance  of  44.5-  fa*  ft* cm  th*.  eou*c*i.. 
Thl*  waveform  la  •lmilar  to  that  Jn  Flgur*  3.7,  Indicating  that  ig.  did 
not  change  materially  at  twice  th#  propagation  dlatanc#..  It  would  b*. 
expected  that  the  higher  frequency  ootgionent*  night  b»  nor*.  highly  . 
attenuated  at  the  greater  dlatanc##'  but  thl*  trend  1*  not  evident  from 
a  comparison  of  tha  two  frequency  fUnotiooa  In  Figure*  3.10  and  3.11. 
flef  leotlons  from  the  hllle  lsnedtately  behind  Site  7,1a  »n«y  have 
slightly  altered  the  waveform  In  Figure  3.8  after  about  5  ueee,  The 
rise  tlae  of  the  negative  pula#  la  shown  la  Figure#  3.36  and  3.371 
th#  latter  wae  recorded  ualng  a  0.3  nsec  sweep  delay  time. 

Shot  Wo.  6 


.  .  Figure  3.12  show*  th#  pula#  recorded  at  a  rang#  of  2?.l.km 

from  a  24-kiloton  weapon,  which  waa  detonated  from  a  3 00 -foot  tower. 
The  flrat  half -cycle  la  In  th#  negative  direction  and  has  a  duration 
of  about  18  pseo#  and  the  frequency  function,  Figure  3.15,  peak*  at  ‘ 
about  15  kc.  The  sane  pulsa,  recorded  with  a  sweep  speed  of  5  uscc/cm. 
Is  seen  in  Figure  3.38)  the  total  aweep  tlaa  wae  not  of  sufficient 
length  to  permit  tha  trace  to  return  to  tha  *ero  axis.  Flgura  3,39 
show*  the  rise  tints  of  the  negative  phase  of  the  pulse#  using  a  sweep, 
rate  of  l  piec/cm  and  a  total  sweep  delay  tlae  of  about  0.4  usee.  The 
peak  field  strength  recorded  at  50  km  (Fig,  3.42)  Is  1.2  tlae#  greater 
than  that  recorded  at  a  dietanca  of  27  km  (Fig,  3.12).  Thl*  Incon¬ 
sistency  in  peek  field  strength  was  alao  observed  for  shot  ff6»  4. 

Since  an  antenna  calibration  was  mada  at  tha  27-km  alt#  and  not  at  th* 
50-km  site,  the  valuea  of  field  strength  recorded  at  th*  27-km  site 
are  more  reliable.  Figure  3.40,  obtained  using  a  sweep  delay  of  .4 
peso  and  very  high  gain,  reveals  a  snail  positive  component  Itaetdl- 
ately  preceding  the  large  negative  phase.  The  cause  of  thl*  positive 
movement  Is  not  known,  but  It  was  also  recorded  at  another  statical 
operated  by  the  Los  Alamos  Soisntlflo  Laboratory  4,  Figure  3.4l  i* 
a  record  showing  response#  to  the  pulse  by  narrow-band  receiver  tuned 
to  3  and  2  Mo.  On  the  timing  trace  a  seconds  mark  la  shown  on  th# 
extreme  right,  and  a  40  msec  timing  mark  appears  loiaediately  below 
the  2  Mo  receiver  response.  Figure  3,42  la  similar  to  Figure  3,39, 
except  that  the  latter  was  recorded  using  an  external  delay  line 
which  gave  a  sweep  delay  of  0.2  usee. 
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stout  43  kllotcnd.  vae 


■■■The  record  In  Figure  3.  *3  wee  obtained  with  so  overall  sweep 
dalajr  tin*  of  O.b  i±secj  a  vary  high  gala  vas  used  so  that  tha  min 
negative  phase  saturated  tha  equipment.  Tha  early  detail  aensisted 
of  aa  Initial  negative  pulse*  followed  hy  a  snail  poeltlve  pulse* 
and  finally  by  the  win  negative  one.  This  detail  waa  also  observed 
hy  the  Loe  Alaaoe  Scientific  Laboratory  group  at  a  separate  site. 
Figure  3 ,h6  shows  the  response  to  the  pulse  recorded  fron  tha  narrow - 
baa*  receivers.  tuned  to  frequencies  of  3  and  a  Ho.  and  also  show*,  the 
tine  reception  of  these  pulses  a*  determined  free  the  tlalng  mrka  on 
the  hot  toe  trace. 

shot  no,  a 

Shot  ho,  0  was  a  a<$-fctloton  weapon  detonated  at  a  height 
of  2*23  feet  above  the  earth, 


A  Tektronix  517  oscillo¬ 
scope,  on  loan  fre*  the  Loe  Alaaoe  Salentifio  Laboratory  far  only 
Shot  So.  0,  vie  used  to  record  the  rise  tine  of  tht*  pulse,  since  the 
317  oielllosoope  la  aapeble  of  reproducing  pulses  with  faster  rise 
tlwe  than  tha  313*0  oscilloscope*  an  attest  was  wde  to  ocnart  the 
rise  times  recorded  by  the  two  lets  of  equipment.  Unfortunately,  thla 
coraparlson  was  not  successful  because  ringing  occurred  In  an  antenna 
lead  ocmcn  to  all  513-D  oscilloscopee,  see  Figures3.h7  and  3,*0*  and 
too  nswh  gain  waa  used  In  the  317  oscilloscope,  which  vaa  drive®  near 
the  point  of  saturation  at  the  37  r/m  level.  The  peek  amplitude  of 
thla  pulse  va*  about  300  r/a  ( Tig .  3.1*).  ' 


Shot  .To. 


TTie  pulse  recorded  at  a  distance  of  1*  ka  from  thla  27- 
kllotcn  weapon*  which  waa  detonated  free  a  300-foot  tower*  la  shown 
In  Figure  3,10.  The  peak  of  the  frequency  function  of  tbie  pulae  (Fig.  3.21) 
occurs  at  about  17  ko.  The  pulse*  recorded  at  the  saae  distance  hut 
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at  a  different  site,  la  seen  in  Figure  3.52. 
ar*  very  similar,  and  the  peak  value  o t  field  atrebg^  i*  abort*  64d: 
v/a  In  both  caaea,  High-flrequanoy  response#  recorded  at  frequencies 
of  3  and  2  Ms,  and  the  timing  trace,  are  shown  la  Fi$nr#  3.31. 


Shot  iTo.  10 


Figure  3.19  snows  the  pulse  recorded  at  10. 3  tot  from  the 
13-kiloton  cannon  shot,  which  vaa  detonated  at  a  height  of  about  300 
feet  above  the  earth.  The  negative'  half  cycle  la  seen  to  have  a  sharp 
spike  which  vaa  not  usual  with  the  300-foot  tower  shot#.  This  saae 
oplke  la  also  evident  In  Figure  3.53, 'Which  vaa  recordad  at  A  distance 
of  lb. 4  kn.  The  waveform  of  both  pulses  are  alniLarj  each  has  a 
negative  peak  amplitude  of  about  500  v/a.  The  peak  of  the  frequency 
functlco,  Figure  3.22,  for  the  pulse  shown  In  Figure  3.19,  occur#  at 
about  2b  ko.  Figure  3*34  shows  the  rise  tin#  of  the  negative  phase, 
using  a  sweep  delay  tlm  of  0,4  psec.  The  sane  pulse,  recorded  at  a 
different  site,  la  shown  in  Figure  3.36.  The  peak  amplitudes  of  both 
negative  pulse#  are  about  590  v/n.  Figure  3.33  ie  the  narrow-hand  re¬ 
cord,  shoving  high-frequency  responses  at  3  and  2  Mo.  Figure  3,57  la 
a  record  of  early  rise  rate,  using  high  gain  and  a  0,4  usee  a  veep 
delay  time.  So  positive  or  negative  precursors  were  recorded  in  ad¬ 
vance  of  the  main  negative  pulat.  This  result  was  confirm*  by 
mashers  of  the  Los  A  la  bos  Scientific  Laboratory. 

Shot  Wo.  11 

Shot  So.  11,  having  a  yield  of  about  6l  kllotons,  vaa  an 
air  drop  detonated  at  a  height  of  I33O  feet  above  the  earth.  The  re¬ 
corded  pulse  is  shown  In  Figure  3*20,  and  its  frequency  function  ie 
shown  In  Figure  3*23,  with  e  peak  at  about  18  kc.  A  comparison  of 
this  reoord  with  that  of  Shot  !to.  4,  another  air  drop  (Fig.  3.6), 
reveals  soma  significant  differences.  The  radiation  pattern  /Ton  a 
high  air  drop  sight  be  different  nroa  that  of  a  low  air  drop,  and 
due  to  different  angle#  of  reflection  fro*  the  ground,  difference#  in 
the  waveform  of  received  pulsee  would  be  produced  .  The  record 
shown  in  Figure  3.38  reveals  the  rise  tlm  of  the  negative  phase  of 
the  pulse.  This  record  vaa  made  using  a  0.4  usee  sweep  delay  tine. 
Figure  3,39  shows  the  positive  detail  recorded  In  advance  of  the 
main  negative  phase.  This  record  vaa  rads  using  a  0,4  paM  sweep 
delay  tine,  and  it  was  necessary  to  use  a  very  high  gain  ie  order 
to  sea  these  a mall  positive  precursor*, 
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All  of  th*  nww-bwl  records  rsccrdsd  at  Soulier  are 
similar  in  appearance.  Th#  very-lov-ft-equency  receiver*  were-  tuned'-, 
to  13  and  30  ko  throughout  th#  test  series#  vberea*  th*  hi  gfc- frequency 
receiver  va*  tuned  to  a  channel  near  th*  maximum  uiabl#  frequency# 
Figure  3*79  Is  *  typical  record  of  narrow -band  receiver  responses. 

The  responses  recorded  at  13  and  JOkc  haver*  steep  front  and  a  slow 
decay  tine,  due  to  ringing,  produced  In  the  receiver*.  Th*  receiver 
output  response  is  independent  of  th*  ahapeof  the  received  pulse) 
however,  the  peak  amplitude  of  the  receiver  response  1*  related  to 
the  energy  of  th*  received  pulse.  Ocollloeaop*  grid  lineeiver* 
photographed  vltb  the  pulsea  and  appear  In  the  illustration#  a* 
equally  spaced  horizontal  lines.  Tha-  response  recorded  at  a  fre¬ 
quency  of  2.99  Ho  is  composed  of  a  nusfeer  of  Individual  pulsea  vhlob 
arrived  at  different  interval*  of  tine,  depending  upon  th*  number  of 
node*  reflected  fro*  the  ionosphere.,  and  the  propagation  delay  for 
each.  Th#  film  speed  of  17  in/aeo  la  too  slow  to  clearly  separate 
these  individual  pulse*  since  th*  tine  intervals  are  of  th*  order 
of  100  p*#a.  A  40  msec  tine  interval  1#  shown,  and  It  la  terminated 
by  a  one  second  nark.  Th*  smaller  square  pulse  on  the  tint  trace  Is 
the  puls*  gat*  output  nark  fron  th*  Tektronix  oscilloscope  and  in¬ 
dicates  that  th*  broadband  receiver  recorded  a  puls*  at  that  tint. 


Figure  3.73  shove  a  tine  comparison  mad*  between  a  WV 
seconds  nark  (consisting  of  3  cycles  of  1000  ops)  and-n  second# 
pul**  fron  tit*  timing  unitr  Hot*  that  tb*  puls#  from  tha  timer 
logs  tb*  beginning  of  tb*  VWV  second*  pul**  by  about  1.6  milli¬ 
second*.  This  lag  was  corrected  by  adjusting  a  phase  shifting  con¬ 
trol  on  tb*  frequency  divider  unit.  A  better  agreement  la  shown 
In  Figure  3*77*  In  Figure  3*70  a  seconds  pulse  fro*  station  WWV 
Is  followed  by  a  seconds  puls*  received  fro*  VWH  about  10.6 
milliseconds  later.  The  timer  unit  vas  not  In  operation  for  Shot 
Ho.  9  at  Boulder.  It  va*  necessary  to  record  station  VWY  directly 
on  th*  timing  trace  as  seen  In  Figure  3.03.  Hot*  that  th*  440  op* 
steady  tone  ends  Just  before  the  pulsea  ft  a*  th*  detonation  were 
recorded.  Th*  large  puls*  on  th*  timing  trace  va*  also  received 
from  the  detonation  at  a  frequency  of  3  Ho. 

Details  of  the  shape  of  the  puls*  for  Shot  Ho.  6.  as 
recorded  by  the  broadband  equlpaent,  are  shown  In  Figure  3*7*.  Hot* 
that  th*  first  half  cycle  la  negative.  Th*  duration  of  the  mala 
part  of  th*  waveform  Is  shout  262  nsec,  but  a  half  ayole  of  snail 
amplitude  is  seen  to  occur  at  about  450  psee*  The  second  half 
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yi*.  3.6V 

Tim  ccavcrlton  of  aacood 
aarka  fron  VW  (top) 
and  tint*  unit 

shot  no.  a 

1000  ka  fra*  ground  acre 
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Narrow-band  response* 
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1000  km  ftfom  ground  zero 


rt*.  3.70 

‘Timm  cooMrlsoa  of  second 
maxki  from  iiW  (top) 
and  timer  unit 
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1000  km  from  ground  zero 
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|  Iffi?  ape**-  amplitude  of  about  0,6?  V»*  In  f  igur*  3*T®»  v**®* 
it  the  frequency  function  for  this  pplae,  it  Is  seen  that  the  peak 
of  the  frequency  function  it  neap  12  kc.  Comparison  of  the  waveform 
of  this  pul  it  with  that  recorded  tt  a  distance  of  2?  the 

Hay ad*  Proving  Ground  (fig,  3.12)>  shows*  that  the  ona  recorded-,  at  . 
1000  km  it  about  k  times  ai  long,  and  appals  ta  bt  o  osmosed  of 
t  serial  of  puliee  of  the  type  'recorded  at  2?  km*  By  a  crisper  lag 
the  frequency  functiont  of  theat  pulaat  recorded  at  tha  Jlbvad* 
Proving  Ground  with  thou  recorded  at  Boulder*  Qolorado*,  the  ef* 
facte  of  propagation  can  bn  seen.  Tha  peat  frequency  la  ahiftad 
by  propagation  fron  about  13  ke  to  about  12  to#  and  tha  frequency 
components  above  l6  kc  art  strongly  attenuated.  By  acoperlscn, 
tha  aag>lltuda  of  tha  frequency  components  below  12  ko  art  not  at¬ 
tenuated  nearly  aa  much  at  thoat  above  i6  kc.  Thus,  tha  affect  on 
tha  waveform  produced  by  propagation  la  liailsr  to  that  produced  by 
a  low  past  filter. 


Additional  raoerda  obtained  at  Boulder,  which  nay  ha 
interpreted  in  tha  mat  manner,  appear  in  figures  3.7®»  3.81  and 
3.8k.  figure  3.90  la  a  chart  plottad  to  give  propagation  dalay 
time*  between  luccaaatva  sodas  over  a  1000  k»  path  sa  a  function 
of  ionospheric  layer  height,  parametria  in  number  of  ionospheric 
reflections.  Thin  chart  van  used  to  explain  tha  c deposition  of  tha 
pule.  Shown  in  figure  3.7k.  Fron  thie  cht»t,  «« turning  a  layer  height 
of  80  km,  tha  first-bop  sky  wave  will  arrive  about  60  pcaa  later  than 
the  ground-wave  component.  Similarly,  tha  isecnd-hop  eky  wave  will 
be  delayed  185  psao,  tha  third  hop  JM  pita  and  tha  fourth  hop  6k0 
uasc,  with  respect  to  the  ground  vtve  arrival  time*  It  Is  reasonable 
to  attribute  tha  first  two  half-oyclea  of  tha  pulse  in  figure  3.7* 
to  ground  wave  and  tha  latter  portion  to -sky  wave.  A  change  in  wave- 
fora,  -consisting  of  k  half  cycles,  occurs  after  about  60  pise,  cor¬ 
responding  to  the  time  of  arrival  of  tha  first-hop  sky  wave,  Tha 
first-hop  iky  wave  arrived  with  aa  apparent  reversal  in  phase.  Some 
workers?  claim  that  the  first-hop  sky  wave  ia  received  with  a  phase 
reversal.  Likewise  a  change  occurs  after  183  usee,  corresponding  to 
tha  arrival  time  of  the  second-hop  sky  wave.  The  two  half  cycles  of 
small  amplitude,  beginning  after  6kO  yeea,  correspond  to  the  time 
of  the  arrival  of  the  third-hop  sky  wave.  The  calculated  time  of 
arrival  for  the  third-hop  sky  wave  ie  300  m»*«  and  approximates  the 
beginning  time  of  a  aarlea  of  about  6  half  oyclee  of  very  snail 
amplitude.  Wo  further  oialllatiooe,  due  to  higher  propagation 
nodes,  are  dlscemable. 
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The  tin*  inter**!*  used  la  the  abbv*  analyii*  oorr«i^on^v‘; 
to  s  layer'  height  o t-  TO  tar  which  1*  «  reasonable*  v*lu*«  for.  very  Icre^.  J. 
frequencies.  It  la  known6  th*t  an  effect  produced  by.  sunrise  *Xon4 
the  propagation  path  1*  a  decrease  la  th*  reflection  h*ight;>  Sine* 
sunrise  occurred  along  the  path  of  propagation  for  th*  pulse  under 
consideration,  It  la  likely  that  different  reflection  height*  would 
be  obtained  for  each  node.  For  this  reason*;  th*  us*  of  propagation 
delay  lntervala  corresponding  to  a  constant  layer  height,  is  not. 
rigorously  correct.  The  low  muhier  of  sky- vara  reflections!*  evi¬ 
dence  of  high  absorption  along  tbs  path.  Under  condition*  of  low 
absorption  along  an  all- darkness -path*  It  1*  not  unusual  to  receive 
ten  or  acre  modes  of  reflection  frost  distant,  atmospheric*. 

3.1.J  Discussion  of  Washington,  D.  C.  Records 

Figure  3.98  la  typical  of  the  narrow-band  reaaiver  re¬ 
sponses  recorded  at  Ft.  Belvolr.  Two  U.  S.  Havy  type  RBA  tuned- 
radio-frequency  receivers*  each  having  a  bandwidth  of  about  420  ops* 
were  used  to  record  pulsee  fro*  detonations'  at  frequencies  of  1 6  and 
36  to.  The  lowest  frequency  receiver  at  Ft.  Belvolr  was  tuned  to 
l6  ko  Instead  of  ko,  However*  by  referring  to  the  frequency 
functions  of  the  pulses  recorded  at  Boulder  and  Ft*  Belvolr  for 
Shots  Ho.  9*  10  and  11*  it  can  be  seen  that  the  difference  In  ampli¬ 
tudes  received  at  frequencies  of  13  and  16  ko  Is  very  snail  and  nay 
be  neglected  for  the  purposes  of  this  report.  The  tdp  trace  shown 
In  Figure  3.98  shows  tbs  response  of  tbs  jO-ka  receiver*  which  over¬ 
lap!  that  of  tbs  1 6  ko  receiver.  A  very  snail  signal  was  recorded 
at  10  Me.  A  40  msec  tine  Interval  can  be  seen  cn  the  timing  trace*  . 
and  the  pulse  on  the  right  is  a  seconds  marker.  The  puls*  oa  the 
timing  trace  at  the  detonation  tins  la  fro*  the  Tektronix  oscillo¬ 
scope*  indicating  that  the  broadband  receiver  recorded  a  pulse  at 
that  tine.  A  few  responses  with  small  amplitude,  due  to  distant 
atnoapheriaa*  can  ba  seen  on  the  1 6  ko  channel, 

Tba  pulsee  recorded  by  the  broadband  recaivera  at  Ft. 
Belvolr  can  be  Interpreted  in  the  sane  manner  as  tbos#  recorded 
at  Boulder.  It  oust  be  borne  In  mind  that  a  band-rejection  filter* 
centered  on  18  ko*  distorted  ell  records  fro*  Shot*  prior  to  Shot 
Ho.  9.  For  sxaapls*  as*  Figures  3.97*  3.99  and  3,101*  For  this 
reason  frequency  functions  of  the  pulsee  are  displayed  only  for 
Shots  Ho.  9>  10  and  11.  Suitable  records,  which  were  recorded 
at  Boulder  and  Ft.  Belvolr  for  Shots  HO.  9  and  10,  show  effect*  of 
Ionospheric  filtering.  The  pulses  recorded  at  Ft.  Belvolr  are 
simpler  in  character  than  tbos*  recorded  at  Boulder.  The  minor 
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ripples  on  thes  traoeiy  figures  no.  3,10V  3,1CJ>  3, 106,  are  due.  to 
interference-  and  are  not  a  part  of  tbs  desired  signal..  •  ' 


.  t.  .  ;  .-y  •  •. 

The  ground  vave  attenuation  { referred  to  the  value.  ah'1.6  km) 
for  a  3400  km  path  1*  about  60  dh  wwt  good  earth.  'Ifter#fcre,th* 
ground-vav*.  puli*  was  not  received  at  ft.  Belvoir.  Using.  ray  theory, 
the  angle  of  arrival  for  tba  first-hop  sly  v*e  la  a  negative*  om» 
and  there  la  no  art  dance  that,  the  first-hoy  sky  vave  was  received  at 
ft.  Beltolr.  A  sunning  an  Ionospheric  layer  height  of  QO.kkp,  there 
will  he  approximately  a  JO  him  delay  (see  fig,  3*112)  betvean  the 
arrival  of  the  third,  and  fourth-hep  sky  vave  and  about  120  M»ec-. 
delay,  between  the  fourth*  and  fifth-hop  sky  vave.  Referring 
figure  3.106  It  la  assumed  that  the  first  tvo  half-cycle*  correspond 
to  the  *eoond-hop  sky  vave.  The  third  half -cycle  ie  seen  to  arrive 
about  30  m*«  after  the  beginning  of  the  first  half-oyole»  and  the 
third  and  fourth  half-cycles  are  taken  to  be  the  third-hop  sky- vave 
reflection*.  Similarly,  the  fifth  and  sixth  half-oyolee  correspond  to 
the  arrival  time  of  the  fourth-hop  sky  vave. 


Reproductions  of  additional  records  obtained  at  ft. 
Belvoir  appear  In  yigure*  3. 91  to  3*H1* 
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DISCUS8IOW  OT  RS3UI/TS 
t*.l  ACCURACY  OF  TIKINQ  AT  AIL  STATIONS 

Measurements  of  virtual  time  of  detonations  vere  made  at  all 
sita*,  including  Stanford,  (So  dlaouaaloa  of  other  oeaeurements  read* 
at  Stanford  are  given  in  thia  report.)  Detonation  times  were  con* 
puted  frou  the  observations  at  each  recording  alte  In  accordance  vith 
the  following 

t  »  tiae  of  reception  of  pulse  at  recording  site, 
using  WY  (or  HWVH)  tiae  aa  received,  un- 
corrected  for  propagation  delay, 

Tg  «  tiae  of  propagation  of  standard  WWV  (or  HWVH) 
tine  eignal  to  recording  aite. 

T_  -  tint  of  propagation  of  pulae  eignal  to  record¬ 
ing  site. 

T .  m  T_  +  T.  -  T  -  astronomical  tine  of  detonation. 

0  *  D 


TABLE  4,1 

PARAMETERS  FCR  CCMPUTJHO  ASTRONOMICAL  TIME  OT  DETONATION 


sec 

station  Tp 


Nevada  Proving 
Ground  0.0115 

Boulder  0.008 

Ft.  Belvoir  0.000 

Stanford  O.Olt 


0.000 

O.OOt 

0.0115 

0.002 


O.OllJ 

o.oot 

-0,0115 

o.oi? 


After  the  approximate  detonation  time*  wore  known,  factors  such 
as  the  relative  amplitude  of  the  15  a»d  30  ko  signal*,  the  tine  co¬ 
incidence  of  pulses  recorded  on  the  three  narrow-band  channel**  and 
the  appearance  of  the  broadband  ware  fora*  made  possible,  in  most 
cases,  the  selection  of  the  ocrreot  pulse  of  each  station.  When  aor* 
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arrival  of  elgnale  from  KW  and  the  actual  dal  ay  tiae  of  the  pula* 
traveling  over  a  known  distance,  the  exact  detonation  tint  at 
Nevadg  Proving  Ground  was  calculated.  The  results  of  such  calcula¬ 
tion*  are  tabulated  In  Table  4.2>  which  shove  that  all  of  the  de¬ 
tonation  tloee  agree  to  within  3  allllaeconde,  with  one  exception. 


U'  TABXJ1  V.a 

Jk  — — — 

;>  PgrcffAMCg  TIMM  OBTAINED  AT  2ACH  STATION 


Bhot 

no.  Date 

1  Mar. 17 

2  Mar. 2b 

p  Mar.31 

4  Apr.  6 

3  Apr. 11 

6  Apr. 10 

7  Apr. 23 

8  May  8 

9  May  19 

10  May  2? 

11  June  4 


Nevada 

1320«00.340 
1310100.099 
1300*00.007 
1529*30.424 
1244 1 59.7ft 
1234*39.973 
1229*59.772 
1529*53.374 
1204*59.542 
1530*00.331 
1114j56.692 


Boulder 


1320*00.329 

1310*00.099 

1300*00.006 

1529*38.424 

1244*59.791 

1234*59.970 

1229*59.773 

1529*53.373 

1204*59.542 

1530*00,348 

No  record 


Washington 

1320*00.341 
1310*00. 100 
13 00*00.009 

1529*38.423 

1244*59.793 

1234*59.971 

1229*59.773 

1529*55.377 

1204*59.343 

1530*00.351 

1114*56.692 


Stanford 

1320*00.339 

1310*00.100 

1300*00.006 

1529*38.423 

1244*59.793 

1254*59.972 

1229*59.773 

1529*55.373 

1204*59.541 

1530*00.350 

1114*56.691 


4.2  Dlscueslon  of  Electromagnetic  Radiation  and  Ite  Propagation 

It  la  clear  fro*  the  foregoing  that  the  exploelcn  of  an  A-bonb 
gives  rise  to  a  pulse  of  electromagnetic  radiation,  the  principle 
energy  of  which  lies  in  the  vary  low  frequency  part  of  the  radio 
spec  true  with  lte  maximum  lying  between  15  and  60  ho,  for  weapons 
of  the  si  see  used  in  the  UPSHOT-  KBOTHOLK  tests,  it  Is  also  clear 
that  the  radiation  la  predominantly  plane-polarized  with  lte  slaotrla 
vector  perpendicular. 

Until  a  satisfactory  nodal  -of  process  ha*  been  developed 
It  nay  be  assumed  that  the  radiation  la  substantially  the  same  ae 
that  radiated  by  shock-exalting  e  low-frequency,  highly- damped 
antetuie.  W«  will  assume  that  thla  antenna  Is  short  as  coopered 
with  the  warn  length  at  which  the  energy  has  a  maximum,  and  that  one 
end  Is  at  or  oloae  to  the  surface  of  the  earth. 
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Vertical  antennaa  located  ah  othe*  polata  oaf  op  aloa«' to  tha, 
surface  of  the  earth*  will  receive  energy  ttcm  thi*  source  by  asrr*. 
oral  mode*  of  propagation*  seats  of  which  ha*  different  propagation 
characteristics.  The**  mode*  era  the  aurfac*  vara  and.  the  several 
oky  vavea  reflected  by  the.  ionosphere,  At  very,  great. distancse*' 
where  prop* get  1  co  la  achieved  by  multiple  reflection*  fro*  tha; 
Ionosphere*  the  situation  1*  similar  to  that  experienced  In  ware 
gulden. 


Oround-vave  Prop 


Energy  propagated  In  tha  ground  wave  la  attenuated  by: 
three  principal  factors,  namely*  spreading  out  of  tha  wave*  absorp¬ 
tion  of  the  energy  by  the  ground*  and  diffraction  around  the  earth. 
Tble  latter  factor  beccoss  Important  at  great  distances.  Over  a 
plane  earth  tha  density  of  energy  is  given  by 


S  -  (B^d2)  (1) 

where  E0  la  the  energy  at  unit  dletance,  d  *  the  distance  at 
which  the  energy  is  observed*  and  a  *  an  attenuation  Index  depen¬ 
dent  on  the  electrla  conductivity  and  dielectric  conatant  of  the 
ground.  Thus  at  dlstanoee  close  to  the  source*  the  inverse  distance 
effect  Is  greater*  while  at  greater  dletancoe  absorption  becomes  more 
important.  At' distances  much  over  1000  km  the  effect  of  the  curva¬ 
ture  of  the  earth  becomes  important  and  losses  due  to  diffraction 
around  the  earth  must  be  taken  Into  account  In  addition  to  the  losses 
mentioned  above. 


Sky-wave 


Most  of  tha  energy  radiated  from  our  assumed  model  is 
propagated  upward  through  the  atmosphere  and  does  not  go  Into  the 
surface  wave.  Seme  of  this  energy  la  reflected  by  the  Ionosphere 
and  returned  to  the  surfaas  of  the  earth.  This  la  known  aa  one- 
hop  sky-wave  propagation.  Tha  returned  energy  may  be  partially 
reflected  by  the  earth  back  to  the  Ionosphere  where  it  may  be  again 
reflected  and  the  process  repeated  any  number  of  times.  This  is 
known  as  multiple-hop  sky-wave  propagation.  Attenuation  of  the 
sky-vave  modes  la  datarmined  by  the  spreading  out  of  the  wave  and 
by  losses  through  reflection  at  the  ionosphere  and  at  the  earth. 

The  energy  density  at  soma  distance  d  *  due  to  each  mode  la  given 
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(So/d1*)  R» 


in  which  B  la  th*  energy  density  a*  unit  distance  from  the  source 
ia  th*  direction  o f  th*  central.  ray  for  that  particular  mode, 
and  P9  ,  th*  r*fl«otioa  coefficient#  of  th*  Ionosphere  and  th* 

earth,  and  a  ,  th*  mssber  of  hops  la  th*  mod*.  Ia  most  cos**  rq 
is  considerably  greater  than  Rj  and  nay  b*  cons ldered  unity. 

Th*  ralu*  which  Rt  may  aesvras  covers  a  vide  rang*. 

Xt  depends  on  geographic  location,  tin*  of  day,  season  of  year, 
a slauth  of  propagation,  and  angle  of  incidence  on  th*  ionosphere. 

Far  small  angle*  of  incidence,  l.e.  when  the  energy  la  propagated 
nearly  normal  to  th*  ionosphere,  Rj  Is  snail,  0.01  or  less,  but 
at  larger  angles,  particularly  at  night,  it  may  approach  unity. 
Because  of  th*  smallness  of  R^  for  a  nail  angle*  of  incidence, 
only  th*  mode*  having  a  few  reflection*  at  rather  large  angle*  de¬ 
liver  ouch  energy  at  a  distant  point,  and  aky-vav*  mods*  or*  of 
littl*  ingxjrtano*  at  short  distance*  for  low-frequency  propagation. 
Th*  angle*  of  lnold*nc*  or*  calculated  on  th*  baals  of  classical 
geometric  optics,  regarding  the  ionosphere  and  th*  earth  a*  two 
concentric  spherical  mirror* ,  concave  and  oonvex,  separated  by  a 
distance  of  T°  to  90  km  for  low-frequency  waves. 

Because  of  difference*  in  length  of  path  traversed  by 
the  ground  wave  and  th*  several  sky-wave  toodss  frea  th*  source  to  a 
receiving  point,  th*  waves  arriving  by  one  mode  may  be  in  or  out 
of  phase  with  respect  to  another  at  certain  frequencies .  This 
gives  rise  to  region*  where  the  signal  is  enhanced  or  diminished 
with  respect  to  what  it  would  be  if  only  on*  mod#  were  active. 
However,  if  a  transmitted  signal  consists  of  a  puls*  representable 
by  e  band  of  frequencies,  and  th*  difference  In  travel  time  by 
different  mode*  Is  such  that  th*  signals  from  two  or  scar*  nodes 
merge,  an  alteration  in  th*  tan  at  the  received  puls*  occurs. 

This  results  in  a  change  in  th*  spectral  representation  of  th* 
pulse,  son*  frequency  regions  being  enhanced  and  other  diminished. 

Xt  is  not  possible  that  enhancement'  or  diminution  can  occur 
throughout  th*  spectral  rang*  of  the  puls*. 


4MAQ* 


At  distance*  from  the  source  sufficiently  greatHbat; 
a  number  of  independent,  Large  angle,  aVy-vave  soda*  apjj  W  Satire, 
the  energy  radiated  at  low  angles  from  the  source  nay?' b#/ regarded 
as  trapped  between  the  earth  and  the  Ionosphere*  Hr  thief  case* It 
is  convenient  to  consider  propagation  as  a-  ware  guide  phenomenon* 
The  energy  is  attonuatsd  by  spreading  out  of  the  wSve;  but  ii  this 
case,  since  tbs  energy  does  not  spread  out  In  three'  dimension*;-  it 
is  attenuated  proportionately,  approximately  to  the  inverse  flret 
power  of  the  dlstanae  instead  of  the  inverse  square*  Additional 
attenuation  results  from  absorption  In  the  wave  guide.  The  energy 
density  at  any  point  at  distance  d  nay  be  given  by 

,  .  *,(*,/*)  (ii2-2l)  (jj^)  („ 

in  which  is  the  energy  deneity  at  distance  dj  where  one  nay 
begin  to  apply  the  wave  guide  concept,  and  0  and  0^  are  the 
angular  measures  of  d  and  dj  to  correct  for  the  finite  curvature 
of  the  earth.  The  index,  a  ,  ie  the  absorption  coefficient  of  the 
wave  guide.  The  equation  may  be  expressed  in  more  usable  form 

K  -  X(B0/d)  (k) 


in  which  K  ie  a  coefficient  of  coupling  In  launching  the  wave¬ 
guide  mode  and  Zq  haa  the  same  significance  as  in  Equation  (l), 
but  of  does  not  have  the  same  value  ae  In  Equation  (l). 


plications  to  Observations  Ret 


Vs  may  now  consider  the  application  of  these  principles 
to  ths  measurements  described  in  this  report.  The  Nevada  Proving 
Ground  sites  art  well  within  the  region  where  praatlcelly  all  the 
energy  received  ie  transmitted  from  the  source  by  the  ground-wave 
node.  Because  of  the  closeness  of  the  receiving  site  to  the 
source,  In  ell  cases,  and  the  low  attenuation  by  ground  absorption 
for  ths  epeatrum  range  of  the  pulse,  the  shape  of  the  pulse,  ae 
received  at  these  sites,  is  but  little  altered  by  propagation  effects 
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guide  nodal  Day  be  considered  applicable.  At  this  distance  the 
ground  vav*  la  so  strongly  attenuated  by  ground  absorption  and 
losses  due  to  diffraction  around  tha  earth  that  it  nay  ba  considered 
completely  absent.  Tha  ona-hop  sky-wave  mode  4s livers  no  apprt- 
olabla  energy  because  a  direct  ona-hop  path  la  not  geometrically 
possible,  so  that  energy  to  excite  this  mode  must  be  diffracted 
around  tha  earth  with  attendant  hoary  losses.  Tvo~,  three-,  four- 
and  higher -hop  modes  are  permissible,  and  tha  asglaa  of  Incidence 
are  so  great  that  tha  reflection  coafflclanta  are  large. 

Tha  site  at  Boulder  lias  In  a  transition  region.  Tha 
ground  vsts  and  tha  ona-hop  sky  vara  deliver  nearly  all  tha  energy. 
Higher  order  nodes  are  also  active,  but  except  for  tha  two -hop 
mode,  little  energy  la  delivered  by  thea  because  of  tha  low  re¬ 
flection  coefficients  for  the  small  angles  of  Incidence  Involved. 

It  is  convenient  to  assume  that  Boulder  la  at  a  sufficient  distance 
from  tha  Kavada  Proving  Ground  that  vave-gulde  approximations  may 
be  considered  from  that  point  outward. 


t.J  SVAUJATTOk  OT  PROPAGATION  C03STAHT8 

Various  constants  used  for  calculation  of  field  strengths  at 
low  frequencies  appear  In  tha  literature.  However,  because  of 
tha  very  special  nature  of  these  observations,  it  was  considered 
desirable  to  derive  new  constants  from  tha  data  theaaalvea. 


Tha  flrat  step  was  to  calculate  the  total  energy  density  re¬ 
corded  at  each  of  the  sites.  This  was  dona  by  measuring  the  de¬ 
flections  of  the  oscilloscopes  caused  by  the  pulse  at  regular  in¬ 
tervals  of  time,  /\  t.  The  ordinates  so  obtained  were  squared  and 
multiplied  by  the  square  of  the  reduction  factor  for  conversion  of 
oscilloscope'  deflection  to  volts  per  meter  and  by  the  length  of 
the  time  Interval  involved.  The  quantities  so  obtsdnsd  ware  auaosd 
and  divided  by  377  ohms  to  give  the  results  In  Joulea  per  square 
taster.  The  procedure  la  represented  In  the  following  aquation. 

a  ■  h2  v2  At/  377  ohae  (3) 

In  vhiah  h?  is  the  ordinate  In  centlwrtere  on  the  oscilloscope, 
v  the  reduction  factor,  and  A  t  the  time  interval  between 
ordinates. 
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In  addition  th*  energy  value*  obtntnod  frost  thg\Cb*«rvdtion*>':v  ' 
at  th#  Nevada  Proving  Ground  vers  normalized1  tir  ifcVdl»t*no#,  o^':'i*'":>-i :V  £ :li 
I  ka  from  th#  source  la  accordance  with  Equation  (1)*/  TKi*'  va*.',y>  \ 
don*  ao  that  energy  from  the  variou#  a  hot*  could-  be  compared  atno*^— 
tb*  distance*  of  tb*  recording  alts*  froa  th*  sourc*  were  diXf*r«nb<.'' 
for  th*  varlou*  shot*.  In  asking  this  normalization  it  vs*  &*•> 
aumed  that  ground-wav*  absorption  over  such  abort  distance*  va*:  ■ 
negligible. 

The  energy  densities  calculated  for  th*  various  ghats  ar* 
presented  in  Table  4.3,  In  case*  vhere  data  ars  lacking  in  th* 
table,  suitable  records  for  calculating  th*  energy  were  not 
obtained.  Also  the  energy  values  for  Shot*  Ho.  6,  7,  and  Q  at 
Pt,  Belvoir  are  s  little  too  low,  due  to  the  filter  vhioh  was 
connected  in  th*  receiving  circuit  to  eliminate  interference  from 
liSS. 


TABLE  4,3 

gLEOTROMAGHBnC  BflTOQY  RADIATED  IEOH  SHOTS  HO.  2  -  11 


Shot  Total  Energy 
No.  Sj  (joules; 


Energy  Density 
So  Observed  at 
HPO  normalized 
to  1  km  (j/m£) 


Energy  Density 
El  Observed  at 
Boulder  (j/tu2) 


Energy  Density 
Eg  Observed  at 
Et.  Belvoir (j/«2) 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


8.1  x  106 
0.22  x  \06 
0. 51  x  106 


0.12 

x  10° 

10.4 

x  106 

15.9 

x  106 

5-7 

x  106 

10.4 

*  106 

2.8 

x  IQ6 

9.2 

X  106 

1X50  x  10*5 
53  x  10*3 
121  x  10*3 
28  X  10*3 


299  *  10*6 


2490  x  ^175  x  io'a 

38o$"jT io*33.V'  ^183  x  10‘6  t 
1360  x  10-3  I  •'^jLvig7  x  10'6 
248 0  x  lO-3>^*(5-:i3$  x  10'6 
680  x  lO-^1'-"  K/|#1»i  x  10*6 
2200  x  10~3  i  ^ 


.018 

X 

10  ^ 

,023 

X 

10-^ 

,009 

X 

10'6 

007 

X 

10-6 

004 

X 

10^ 

009 

X 

10-6 

mm 
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Deamination  o t  fch*  pulse*  record #d  at  3ould*r  suggest#-  that  th# 
*****  part  o f  th*  puls#  1*  dv#  to.  arrival  o f  th*  ourfacet.  wav*  and 
that  th*  on#-hop  sky  vav*  arrive*  Just  oa  th*  surface  war*  haa  almost 
completely  passed.  If  this  Is  true  about  half  th#  energy  1#  da- 
live  red  .by  th#  surface  vav#  and  half  by  th#  one-hop  sky  wav#*  W# 
nay  than  calculate  th#  ground- vav#  attenuation  from  data  In  Table 
*•3.  For  convenience  v#  oay  expres#  Equation  (l)  In  logarithm#  to 
th#  b«#«  10, 


log  S  «  log  ^  -  2  log  4  -  k^d 


(6) 


Valu#»  of  k_d  and  of  kg  #  expressed  In  decibel*  per  1000  km,  are 
given  in  Table  4,1.  The  value  of  kg  la  relatively  great#  eorrespond- 
ing  to  ground  of  very  poor  conductivity#  y  <  10”1?  am.  It  a  Lao 
Includes  effect*  due  to  diffraction  lease*.  The  reflection  coeffi¬ 
cient  for  the  lonoephere#  for  the  time  of  day  at  which  each  observa¬ 
tion  vaa  made#  at  the  angle  of  inoldence  involved  In  th#  one-hop  sod# 
nay  be  calculated  fress  Equation  (3) ,  Thee#  result#  sr«  also  shown 
in  Tabl#  4,4,  2q  vaa  taken  to  be  squlvalant  to  of  th#  surface 
•vav*.  Th#  refleotioo  coefflolsnt*  In  th#  tabl#  are  ratios  of  energy 
In  the  incident  and  reflected  waves#  not  field  strength*.  If  they 
represented  field  strength#  the  value*  would  range  from  o.l6  to  0.20 
which  are  not  lnoooeletent  with  valuaa  cccamnly  given  In  th#  literature. 


TABU  4,4 

GHCTJMP  ATTSWUATIOir  HTDBX  AMP  ICJfOSFHKHiC  RgftZCTlOS 

cosmcnarra  rca  distaho  oy  loop  km 


Shot  JTo. 

kgd 

6 

(log10) 

1.64 

7 

1.62 

8 

1.40 

9 

1,30 

10 

UP 

Average 

1.50 

;k* 

*1 

(db/100  km) 

16 

0.023 

16 

0.024 

14 

o.oto 

1? 

0.032 

15 

O.OJO 

15 

0.030 
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H* 

o 

09 

o 

anti log 

(db/1000.  taO  '- 

6 

6.02  -  10 

10.3  x  IQ'5 

1.9 

7 

5.83  -  10 

6.8  x  10-5 

1.5 

8 

0 

f-i 

1 

s 

• 

NO 

13.3  x  10*5 

2.3 

9 

6.13  -  10 

13.3  x  10*5 

5.3 

10 

3.98  -  10 

9.6  x  io*5 

2.0 

Average 

6.02  -  10 

10.8  x  10-5 

2.2 

The  constants  fop  tb*  vave-guide  model  of  propagation  to  greet 
?  my  be  darlvad  *0"  the  value#  of  an.mZi1ti*.  Za 

^dT*^*4;^4  fijvwwlm  «qu»tl(«  (4)  in  logarithms  to  the  but  10 
and^neglacting  the  term  0/sin  0  >•  which  1#  substantially  unity,  ve 

l0*  \  *  1<*  X  +  log  F,,  -  log  d  -  kyd  (7) 

There  ere  two  parameter#  to  be  determined,  K  and  by*  Using  the 
Proving  Ground,  Boulder,  and  Ft.  Beiroir,  the  cel- 
***  M  «ivan  *“  T*hU  4.J.  It  la  interesting  to 
?^r*!!*t*r*  tha  «n*rW  to  be  expected  at  Ptf 
Belyolr  for  Shot  Wo.  11,  for  which  no  obt erratic™  are  available  at 
Boidder.  The  calculated  value  la  0,0120  x  10*1  Joules  n er  amiare 
meter, and  the  obeerved  value  vae  0.00947  x  10**  joulj*  £*  #^*  wter. 

,  the  Mutiny  good  agreeaent  of  the  constant,  de- 

irrn^iw^?h^*vlndlYldU*1  ohot*'  6C®*  MMnrmtion*  must  be  nad* 
in  applying  the*  for  propagation  calculatlone  under  other  condition#, 
attenuation  index  k_  is  accurately  detemlned  for  the 

ir!iTh.t,rr,La  involved,  bu?  over  regime  of  good  conductivity 
it  vould  be  considerably  less.  For  propagation  over  see  water, 
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absorption  effec£sMaW*rffcgligible,  tha  principal  lost  In  the  surface 
wav*>.  apart  from.  Invera*  distance  squared,  being  dua  to  diffraction 
which  is  important  at  distance*  oyer  several  hundred  kilometers* 


Th*  reflection  coefficient  of  the  ionoepfier*  a*  given  In  Table 
4.4  is  reliable  for  calculation  of  received  energy  far  approximately 
equal  distance#  and  similar  2#nith  angle#  of  the  sun.  The  value  is 
not  suitable  for  use  when  the  path  Hoe  in  darkness* 


The  coupling  coefficient  and  attenuation  index  calculated  for 
the  wave -guide  model  are  subject  to  some  uncertainty  alnoe  observa¬ 
tion*  at  only  two  distances,  1000  kn  and  3400  km,  were  ueed  in  the 
calculations.  The  snail  value  of  the  effective  coupling  coefficient 
i*  due  in  part  to  the  arbitrary  determination  to  use  the  energy  at 
unit  distance  (in  this  case  taken  as  1  km)  as  a  reference  value, 

Thi#  accounts  for  about  a  hundred-fold  reduction  in  the  apparent 
coupling  coefficient,  the  renaining  factor  of  100  resulting  from 
escape  of  the  energy  from  the  earth- ionosphere  boundaries  within  the 
first  few  hundred  kilometer*.  Expressed  in  decibels,  there  is  a. 

40  db  loss  represented  by  the  effective  coupling  coefficient,  20  db 
of  whioh  arises  from  geometric  consideration#  Inherent  in  the  assump¬ 
tion  regarding  the  point  where  S0  is  measured,  and  the  remaining  20  db 
from  actual  leakage. 


A  different  distribution  of  losse*  between  tha  coupling  coef¬ 
ficient  and  the  attenuation  index  might  havm  resulted  if  observation* 
had  been  mad*  at  other  distances  than  those  given,  *nd  certainly  if 
the  source  and  receiving  sitae  had  all  been  in  darkness.  However, 
the  attenuation  index  is  not  likely  to  bs  la  appreciable  error  for 
daylight  propagation,  Furthermore,  It  Is  in  good  agreement  with  tha 
attenuation  index  for  daylight  propagation  in  the  very  low  frequency 
range  as  obtained  from  nuoerous  measurements  mad*  on  continuous- 
wav#  transmitters  operating  at  very  low  frequencies. 

4.4  ENERGY  RADIATED  PROM  S0URC1 

The  energy  densities  calculated  from  the  observations  at  the 
sits*  at  Nevada  Proving  Ground  may  be  used  to  derive  the  total  electro¬ 
magnetic  energy  radiated  by  each  bomb.  Assuming  again  that  rodiaticn 
occurred  from  a  short  vertical  dipole,  the  energy  radiated  in  any” 
direction  is  proportional  to  eos^d  ,  where  9  is  the  angle  of 
elevation  above  the  horizontal.  The  total  energy  radiated  is  given  by 


n 
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in  vhlch  ia  the  energy  denaity  at  a  point  at  tb*  earth'd;  iuFfac* 

distance  d  fro*  the  source,  and  i  la  the  aaiauth  o i  tfii  observing 
point  fro*  the  source.  Value  a  of  in  Joule*  are  given  ltkfabl*  4,-J . 

A  /  *  •  *.  *v*^' '  -V  *• 

The  energy  values  range  from  0.119  x  10^  to  15.9  *  10^' Jbule*>. 
fly  comparison,  the  electromagnetic  energy  ia  th*  frequency1  raoig*.  from- 
?.?  to  to  10  ko  radiated  from  lightning  flashes  averagee  around  0;2 
x  10°  Joules^''  Oincs  th*  pulse  emitted  hae  a  duration  of  only1, about- 
50  Microsecond*,  these  values  correspond  to  on  average  radiated  power 
for  the  duration  of  the  pulae  of  from  2,400  to  JOOjOOO  megavatt»f 

For  the  sizes  of  the  weapons  fired  during  the  teats  under  die- 
cuasloe,  e  fairly  good  linear  relationship  between  the  total  eleatro- 
tcagnetio  energy  radiated  and  the  boab  yield  obtains.  A  plot  of  this 
relationship  appears  in  Figure  4,1,  where  total  energy  ia  plotted, 
against  yield  In  kilotona.  For  convenience  the  energy  density* 
normalized  to  one  kilometer  from  ground  zero,  le  shown  as  an  additional 
abscissa  scale.  In  drawing  the  line  cn  the  graph  Shota  tfo.  4,  8,  10 
and  11  vere  Ignored  since  they  were  not  tower  shots , 

All  of  the  air-dropped  bombs  and  the  cannon-launched  bosfc  showed 
conspicuously  ieoa  electromagnetic  radiation  for  th*  sate*  yield  than 
those  fired  on  the  tower*.  An  empirical  relationship  to  correct  for 
the  effect  of  height  va*  derived  and  applied  to  th*  value*  for  th* 
non-tower  shots  to  give  th*  equivalent  radiated  energy  to  b*  expected 
If  the  shots  had  been  fired  on  towers,  A  new  plot,  with  the  cor¬ 
rection  applied  to  th*  nen-tewer  shots,  is  shown  In  Figure  4.2*  All 
except  shot  Ifo.  8  show  close  agreement  In  th*  relationship  between 
yield  and  radiated  energy.  Th*  equation  relating  energy  to  yield  is 

^  -  o.jtfa  y  /  (i+h)  (9) 

where  Bp  ia  th*  electromagnetic  energy  radiated  in  megajoules, 

X  tiis  yield  In  kllotooa,  and  h  the  height  of  detonation  in 
thousand*  of  feet  above  ground,  *  correction  to  be  applied  only  for 
non-tower  shot*.  The  energy  denaity  at  a  distance  of  on*  kilometer 
Is  given  by 
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I  Sq  ,  in  thie  case  being  in  Joules  per  square  meter. 

r 

^  Some  ressrvatlons  nusp  be  held  regarding  the  reliability  of  the 

f  absolute  veluee  of  the  energise  calculated  from  the  date  obtained,  at 

the  If  evade  Proving  Ground,  although  the  relative  values  or*  undoubt¬ 
edly  reliable.  The  smell  value  for  the  coupling  coefflolonfe  and  the 
t  high  value  for  absorption  of  the  ground  wave  os  received  at  Boulder, 

calculated  previously,  suggest  that  the  energle#  may  be  too  large. 

The-  linear  relationship  between  yield  and  total  radiated  energy, 
when  the  height  corrections  are  applied,  easy  be  fortuitous*  frothing 
con  bs  concluded  regarding  thslr  applicability  to  weapons  having 
yields  far  outside  the  ranges  of  those  involved  here,  or  to  other 
types  such  as  thermonuclear  weapons. 

DIRECTION  07  TH3  gLBCTBIQ  VECTOR  Of  THE  RADIATED  FT^-» 

Considerable  interest  is  attached  to  the  direction  of  the  elec  trio 
'  veotor  radiated  fro*  the  source  and  recorded  at  the  near  receiving 

sites.  The  direction  of  this  vector  for  the  mein  Initial  phase  of  the 
pulse  was  the  same  In  all  casea. 

To  obtain  the  relation  between  the  direction  of  current  flow  In 
the  source,  and  the  direction  of  deflection  of  the  oscilloscope,  we 
express  the  radiation  electromagnetic  field  In  terms  of  the  vector 
potential  A  ,  and  then  relate  the  latter  to  the  source  current  1  i 


3  -  -fi-  , 

9  t 


A  (r  *,  t) 


»  <7  x  A 

dv 


Thus  a  current  which  la  inoreaeing  in  the  downward  direction 
gives  rise  to  an  electric  field' positive  in  the  upward  dlreatlon. 
Thla  conclusion  may  be  checked  through  H  ,  using  the  .fact  that  the 
Poyntlng  vector  B»|  is  positive  In  tBe  direction  of  energy  flow. 
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TUB  NATIONAL  BUREAU  OF  STANDARD*  >  -  y,  ft  Xf  y 


Function*  and  Aetlvltle* 

The  function*  of  th*  Nitionil  Bureau  of  Standard*  are  aat  forth  la  th#  Act  of  Congre**,  March 
3,  1901,  at  amended  by  Congre**  la  Pub  Be  Law  619,  1950,  The**  Include  the  development  and 
maintenance  of  th*  national  ttandardt  of  meamrement  and  th*  proviaicn  of  mean*  and  method* 
for  making  mraanremenia  conalatmt  with  the**  atandardat  th*  determination  of  phyWeal  eonatant* 
and  propertfe*  of  material*!  live  development  of  method*  and  inatnnnent*  for  totting  material*, 
device*,  and  itroetureaj  advlaocy  tervlce*  to  Government  Agcncie*  on  adentlA*  and  technical 
prohltmaj  Invention  and  development  of  device*  to  terre  t  pedal  need#  of  th*  Government;  and  tb* 
development  of  atandard  practice*,  code*,  and  i pacification*.  The  work  indndc*  baaic  and  applied 
reaearch,  development,  engineering,  indnimentatio*,  teitlng.'evalnatlon,  callbratlcn  tervioc*,  and 
viHott#  contuiUtlon  and  information  aervlee*.  A  major  portion  of  tb*  Bureau’*  Work  1*  performed 
foe  other  Government  Age  note*,  particularly  th*  Department  of  Defence  and  th*  Atomic  Energy 
Commitaion.  The  acope  of  activities  1*  auggtsted  by  th#  Hating  of  dlvitiont  and  aectiona  on  the 
inilde  of  the  front  cover. 

Report#  and  Publication* 

The  result*  of  the  Bureau’*  work  take  the  form  of  either  actual  equipment  and  da v lem  or 
puhliahed  paper*  and  report*.  Reporta  are  itaued  to  the  iponaoring  agency  rf  a  particular  project 
or  program.  Puhliahed  paper*  appear  either  in  the  Bureau’*  own  aerie*  of  publication*  or  In  tb* 
Journal*  of  pcofeaakmal  and  acientific  coded**.  Th*  Bureau  lLaeif  puhUahe*  three  monthly  ped. 
odieala,  available  from  the  Government  Printing  Officet  The  Journal  of  R (search,  which  peeaenta 
complete  paper*  reporting  technical  invcaligatlooa;  th*  Technical  New*  Bulletin,  which  pnwinti 
lummary  and  preliminary  report*  on  weak  In  prognna;  and  Baaic  Radio  Propagation  predict  boa, 
which  provide*  data  for  determining  the  beat  firequende*  to  ut*  for  radio  coumunleatlon*  throughout 
tb*  world.  There  «r*  atao  five  aerie*  of  nonperiodical  publication*!  Th#  Applied  M I  them*  tic* 
Sedc»,  Circular*,  Handbook*,  Building  Material*  and  Structure*  Report*,  tod  MkoeHanto*# 
Publication*. 

Information  on  th*  Bureau'!  publication!  can  be  found  in  NBS  Circular  (6*,  Publication*  of 
the  National  Biutan  of  Standard*  (11 JJ)  aad  it*  Supplement  (10,75),  availabf*  from  tho  Sttperltw 
tendent  of  Document*,  Government  Printing  Office,  Inqulrie*  regirdlng  tb*  Bure**'*  report*  and' 
publication*  abould  h*  addremed  to  th*  Office  of  ScicaliA*  Publication*,  Nallonid  Btarean  of 
Standard*,  Waahingtan  25,  D.  C. 
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Subject:  OSD  MDR  Case  12-M- 1573 


We  have  reviewed  the  enclosed  document  in  consultation  with  the  Department  of  Energy 
(DOE)  and  have  declassified  it  in  part.  OSD  excised  information  is  exempt  from 
declassification  under  Executive  Order  13526,  section  6.2(a)  and  is  also  protected  under  the 
Freedom  of  Information  Act  (FOIA),  5  U.S.C.  §  552(b)(6).  DOE  excised  information  is  exempt 
from  declassification  under  section  6.2(a).  Section  6.2(a)  protects  “Restricted  Data”  and 
“Formerly  Restricted  Data”  information  in  conformity'  with  the  provisions  of  the  Atomic  Energy 
Act  of  1954,  as  amended,  and  regulations  issued  under  that  Act.  FOIA,  5  U.S.C.  §  552(b)(6) 
protects  information  which  would  constitute  a  clearly  unwarranted  invasion  of  the  personal 
privacy  of  certain  individuals. 

OSD  stands  as  the  appellate  authority  and  will  coordinate  any  appeals  regarding  this  case. 
A  written  appeal  must  be  filed  within  60  days  explaining  the  rationale  for  reversal  of  the 
decision.  Reference  should  be  made  to  OSD  MDR  Case  12-M-1573.  Letters  of  appeal  should 
be  sent  to  the  following  address: 

WHS/ESD  Records  and  Declassification  Division 

Attention:  Robert  Storer 

4800  Mark  Center  Drive 

Suite  02F09-02 

Alexandria,  VA  22350-3 100 

If  you  have  any  questions,  contact  me  by  e-mail  at  Records.Declassification@whs.mil  or  by 
phone  at  571-372-0483. 


Sincerely, 


.WJU — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 

Enclosures: 

1 .  MDR  request 

2.  Document  1 


DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1 55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  DTIC-OQ  INFORMATION  SECURITY) 
8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELV10R,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-1572  and  12-M-1573 

At  the  request  of  we  have  conducted  a  Mandatory  Declassification 

Review  of  the  attached  documents  under  the  provisions  of  Executive  Order  13526,  section  3.5, 
for  public  release.  We  have  declassified  the  documents  in  part.  We  have  attached  a  copy  of  our 
response  to  the  requester  on  the  attached  Compact  Disc  (CD).  If  you  have  any  questions,  contact 
me  by  e-mail  at  storer.robert@whs.mil,  robert.storer@whs.smil.mil,  or  robert.storer@osdj.ic.gov 
or  by  phone  at  571-372-0483. 


— 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachment: 

CD 


o 


